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PREFACE

This envirommental impact statement (EIS) was prepared in compliance with the National Environ-
mental Policy Act of 1969 (NEPA) (42 U.S.C. 4231) by the Department of Energy (DOE) to determine the
environmental impacts of continuing its activities at the Los Alamos Scientific Laboratory (LASL).

A notice was published in the Federal Register on July 15, 1976, (41 FR 29208), annnouncing that
a statement would be prepared to assess the cumulative impact on the environment of the continued

operation of LASL. The notice solicited comments and suggestions for consideration in the preparation
of the statement. Fifteen responses were received from federal and state agencies and private citizens;
these comments were taken into account in the preparation of the draft environmental impact statement
(DEIS) which was issued on June 27, 1978.

The DEIS described the ongoing activities at the LASL site, discussed the actual and potential
impacts of these activities on the surrounding environment, and provided background and analyses to
assess LASL's environmental impact of the current and continuing activities at the site. The existing
environmental factors and the overall cumulative environmental impacts of the various missions and
activities at the site and those anticipated impacts of continuing and planned activities were evaluated.

Comments on the DEIS were received from 15 individuals and organizations. The areas of substantive
concerns raised in the conment letters and considered in the preparation of this final document include:
(1) the mission and location of the Laboratory, (2) the biological behavior of radionuclides, (3) water
supply for Los Alamos, (4) waste management, (5) accident analysis, (6) radiological dose and dose
interpretation, (7) radioactive materials in the environment, (8) transportation of radioactive
materials, and (9) additional details desired. Section 11 of this final EIS summarizes the areas of
concern, provides a generic response to the comments, and indicates where major modifications have been
made. Copies of the comment letters and DOE staff responses are included as appendix I of the
statement.

This EIS addresses the LASL site as a whole. The level of detail is general, with special
emphasis in those areas that have, or might be considered to have, potential for significant environ-
mental impacts. The cumulative environmental results of Laboratory activities to date are covered
insofar as information permits. Generally, data included are those accumulated through calendar year
1978. Many long-term environmental studies are under way as part of ongoing research and monitoring
programs. These are designed to continuously document interactions of Laboratory activities with the
environment and permit reevaluations of significance as knowledge increases.

The Laboratory's offsite involvement with nuclear weapons test activities conducted at the Nevada
Test Site and geothermal activities at the Fenton Hill Geothermal Site are not covered in this state-
ment because these activities have been assessed separately. Environmental impact statements have
been prepared previously for specific new Laboratory projects, such as the New Plutonium Processing
Facility and the Radioactive Solid Waste Volume Reduction Facility and are noted here at appropriate
points and are also included in the 1list of references.

One addition to this final document is the incorporation of the annual monitoring report,
“Environnmental Surveillance at Los Alamos During 1978," as Appéndix H. References to this appendix
were noted in the text at numerous locations where it could be consulted for additional or updated
details. This Appendix H documemts the environmental surveillance program conducted by the Los Alamos
Scientific Laboratory (LASL) in 1978.
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Another addition is Section 3.3.5 Transportation of Radioactive Materials. This section describes

a variety of radioactive material shipments to and from LASL and identifies the packages and vehicles
used. An estimate of the overall risk from these transportation activities is presented in Section 4.2.14.

Brief summaries of the significant changes made in affected sections are noted at the beginning of
these sections. Details have been incorporated by direct inclusion in the statement, reference to other
sources, and the addition of the surveillance report as Appendix H.

To permit a better understanding of this statement, the use of scientific terms have been minimized,
and a glossary has been attached which defines or explains those terms that, though essential to the text,
are not in customary usage. Because many DOE orders, manuals, and directives are still being promulgated,
and were not considered final as of the time this EIS was being written, numerous references have been
made herein to ERDA Manual Chapters (ERDAM) which continue to serve as guidelines until superseded by the

final DOE orders and manuals.
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1-1

1. SUMMARY

This Environmental Impact Statement (EIS) assesses the environmental impacts of the Department of
Energy's* activities at the Los Alamos Scientific Laboratory (LASL) site in Los Alamos and Santa Fe
Counties at Los Alamos, New Mexico, and assesses actual and potential impacts on the surrounding
environment. The EIS provides environmental input into decisions regarding the continuing activities
at the Los Alamos Scientific Laboratory with coverage of some further growth and evolution of research
programs in new areas.

In January 1943 a wartime laboratory was established at Los Alamos, New Mexico. Its sole mission
was the development of a fission bomb. This project culminated in the detonation of the first atomic
bombs in 1945. Since then, the primary mission of LASL has continued to be nuclear weapons research
and developiient, including the first thermonuclear bomb. However, expansion of Laboratory efforts has
incorporated numerous programs to develop peaceful uses of nuclear energy in such areas as fission
reactors, space technology, controlled thermonuclear reactions, and medical and biological applications.
In recent years there has been increasing diversification into nonnuclear research areas, notably
geothermal and solar energy-resources and use of superconductor technology for energy storage and
transmisson. The four major research program areas are national security, energy, biomedical and
environmental, and physical research.

To illustrate the magnitude of the efforts at LASL, during 1978, employment at the Laboratory and
in conjunction with the Laboratory's operations totalled about 8,000: This included employees of
DOE's Los Alamos Area Office, the University of California, and other DOE contractors located in Los
Alamos. The combined Fiscal Year (FY) 1978 payroll was approximately $190 million, and project
expenditures totalled about $325 million.

Los Alamos is a small incorporated county, located in north-central New Mexico about 100 km (60 mi)
north-northeast of Albuquerque and 40 km (25 mi) northwest of Santa Fe by air (see Figures 1-1 and 1-2).
Within the County there are 111—km2 (27,500-acre) LASL site (a small portion is in Santa Fe County)
and two adjacent communities, informally identified as Los Alamos townsite and White Rock. They are
situated on the Pajarito Plateau between the Jemez Mountains to the west and the Rio Grande Valley to
the east. The plateau consists of a series of relatively narrow mesas separated by deep, steepsided
canyons that trend east-southeast from the Jemez Mountains down to the Rio Grande.

Most of the Laboratory and community development is confined to the mesa tops. The Laboratory
site includes 30 active technical areas, where the 124 principal buildings are located. Tangible use
of the Laboratory land area includes building sites, test areas, waste disposal locations,

*

The “Department of Energy (DOE)" designation is used throughout this document. However, it should

be noted that LASL was operated for the Corps of Engineers from 1943 until 1947; for the Atomic Energy
Conmission (AEC) from 1947 until January 19, 1975; for the Energy Research and Development Administration
(ERDA) from January 20, 1975, until September 30, 1977; and for the Department of Energy since

October 1978.
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roads, and utility rights-of-way. However, these uses account for only a small fraction of the total
land area; most land is used in a less tangible way to provide a buffer zone for isolation for
security and safety purposes and as reserves for future structure locations. This large, undeveloped
portion also provides refuge for significant wildlife populations. The land around the Laboratory
and immediately adjacent communities is undeveloped; nearly all of it is under control of the Forest
Service, the National Park Service, or Indian Pueblos.

Water is supplied to the Laboratory and the adjacent community areas from federal-owned well
fields. About 35% of the annual water usage is for the Laboratory; the rest is sold to Los Alamos
County for distribution to commercial and residential users. Water withdrawals are in conformance
with State water rights limitations. Some water requirements are satisfied by recycling of treated
effluents. Conservation of water by the community and LASL reduced total water use by about 30%
between 1976 and 1978.

Principal energy sources are natural gas and electricity. Private gas and electric utilities
serve White Rock. Natural gas is purchased from private utilities and transported to the Los Alamos
Townsite area through federally owned pipelines. In recent years, about 63% of the gas consumed by
LASL and the Townsite has been used to operate a DOE-owned electric generating plant and several steam
plants. About 19% of the gas is distributed in the community by Los Alamos County, and the rest is
used directly by the Laboratory. Total gas usage by LASL and the community has declined in both
1977 and 1978. Electricity is supplied by onsite federal generation (about 30%) and purchases from
offsite suppliers (about 70%). Total energy consumption is expected to increase about 15% by 1985,
assuming planned programmatic changes and some conservation measures are implemented. Intensive
energy conservation measures including some requiring substantial capital expenditures might be able
to reduce consumption about 6% from present use by 1985. Conservation measures implemented by the
Laboratory have resulted in an overall decrease in usage of about 2.5% between 1976 and 1978 in spite
of program expansion. The primary resources used for the operation and maintenance of the Laboratory
include land, water, and energy; other resources include the materials for structures and experimental
facilities and the supplies for conducting research programs.

Liquid, gaseous, and solid wastes are generated as byproducts of the Laboratory operation.
Liquid wastes include radioactively contaminated solutions, chemically contaminated wastes, sanitary
sewage, cooling water discharges, and storm drainage. Nonradioactive liquid effluents from 104
industrial discharge points'and 10 sanitary sewage treatment facilities came under the regulation
of a single NPDES permit in 1978. Most of the discharges met the permit requirements, and improvements
are under way or proposed for funding to achieve better compliance. The ordinary sanitary 1liquid
wastes are processed by conventional sewage treatment plants, lagoons, and septic tanks. Industrial
liquid wastes are processed by special treatment plants to remove radioactive components and to
detoxify or neutralize other chemical agents. Table 1-1 summarizes the results of analyses of treated
effluents released from the Central Waste Treatment Plant in 1978 which constitute about 90% of the
radioactivity released in liquid. The treated effluents contain radioactive pollutants at levels of
only a few percent of guidelines applicable to exposure to the public from ingestion of water and
food. Behavior of those effluents in the natural environment is the subject of continuing studies.
Three canyon areas of particular interest are Pueblo, Los Alamos, and Mortandad Canyons. The dis-

charges into these canyons contained trace quantities of tritium (3H), cesium-137 (137Cs),
plutonium-238 (238pu), americium-241 (241Am), strontium-89 and -90 (89-90Sr), uranium-235 (2350), and
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TABLE 1-1

EFFLUENT FROM CENTRAL WASTE TREATMENT PLANT IN 1978

Radioactive
Isotopes

239Pu
238Pu
ZNIAm
89gr
Sogp

34
137CS
U-Total

Nonradioactive
Constituents

cd?
Ca
Cl
crd
cu?

Total
Effluent
Volume

Activity
Released

(mCi)

4.05
1.83
1.73
2.64
10.4
12,300
317
176 grams

Average
Concentration

{uCi/me)

.099 x 10~°
.045 X 10°°
.043 X 1078
.065 X 107°
.57 X 10”7

.30 X 1073

.78 X 107°

.34 X 10" %mg/%

~POOMNMOOOO

Average
Concentration

(mg/2)

0.003
26.0
48.4

0.04

0.27
.8
.009
.4

.044

.46
.04

0.44
6.8-12.3

4.058 X 1072

dConstituents regulated by NPDES permit.




some stable elements. Treated wastes have been discharged into Los Alamos canyon since 1952 and will
continue at Teast until decontamination of the old plutonium processing facility is completed. Pueblo
Canyon is a tributary of Los Alamos Canyon. ‘Untreated wastes were discharged into it between 1944

and 1951, then treated wastes were discharged until 1964. Mortandad Canyon has received treated
wastes since 1964, and this will probably continue for several years.

The effluents are released to normally dry stream beds within the Laboratory boundaries and
infiltrate into the alluvium, recharging the perched water bodies as shown by studies mentioned later
in this statement. The majority of the radionuclides are absorbed into the sediments in varying
quantities. The absorption, coupled with dilution by natural runoff, results in very low concentra-
tions of radioactivity in the water contained within the alluvium, only fractions of a percent of
drinking water concentration guides. There is no indication that the liquid effluents enter waters
used for human consumption. The Tiquid effluents are isolated from the deep ground water aquifer by
thick layers of dry rock. There has been no change in the chemical or radiochemical quality of water
in the main aquifer.

The transport of the sediment downstream by intermittent runoff is responsible for some offsite
transport of radioactivity. Although heavy precipitation may result in flow all the way to the
Rio Grande river about four'times a year, the effluent generally infiltrates into the channel alluvium
before reaching the river. The portion of Los Alamos Canyon between the Rio Grande and the confluence
with Pueblo Canyon has received about 2.5 millicuries (mCi) of plutonium per year both from residuals
of former discharges into Pueblo Canyon and from treated effluents released into upper Los Alamos
Canyon. The plutonium concentrations on soils and sediments in Mortandad Canyon are at background
Tevels at the LASL boundary. Concentratians of plutonium in sediment samples from the Rio Grande
are not above the minimum detectable limits of 0.01 picocuries per gram (pCi/g). Thus, no adverse
environmental effects are believed to result from these liquid disposal practices. Some of the
treated effluents provide increased water supply resulting in additional vegetation and greater
carrying for wildlife, and some are recycled to meet industrial water requirements.

Gaseous wastes include combustion products from power and steam plants and vehicles, as well as
small amounts of radioactive and nonradioactive materials. The amounts of waste radioactive materials
released to the atmosphere are low, and based on atmospheric sampling and other measurements during
1978, the largest calculated radiation dose to be received by any individual beyond the LASL boundary
was less than 1 percent of the annual individual dose 1imit recommended by the National Committee on
Radiation Protection (NCRP). Some atmospheric releases of natural and depleted uranium result from
experiments in controlled test areas with high explosives. Table 1-2 summarizes the principal radio-
active and nonradioactive atmospheric releases during 1978.

Solid wastes include domestic solid wastes, explosives and hazardous chemical wastes, and radio-
actively contaminated wastes. Ordinary solid wastes are disposed of in a County sanitary landfill
operated in accordance with U.S. Environmental Protection Agency guidelines. Explosives wastes are
burned in accordance with established safety practices. Radioactively or chemically contaminated
solid materials are buried in specially designated pits in controlled areas. Materials contaminated

with transuranic radioactivity above specified levels are placed in special storage to ensure
retrievability. Table 1-3 summarizes the estimated total radionuclide content of materials placed in
subsurface disposal and retrievable storage through December 1976 and the principal additions in 1977
and 1978.
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TABLE 1-2
PRINCIPAL ROUTINE ATMOSPHERIC EMISSIONS IN 1978+

Radioactive Nonradioactive
Radionuclides Curies Vehicle Operation and Maintenance
34 18,631. Estimated
Amount
Plutonium and Americium 0.000112 Pollutant (metric tons)
Uranium (stacks) 0.000526 Gasoline Evaporative Losses 28.3
Uranium (dynamic tests) 0.51 Carbon Monoxide 213.
Mixed Fission Products 0.0016 Hydrocarbons 21.
32, 0.000085 Nitrogen Oxides 29.
2341, 0.0019 Sulfur Oxides 1.1
131 0.000081 Particulates, Exhaust 0.6
Npr 589. Particulates, Tires 1.2
¢, 13y, 159 116,449,
Tge 0.0000002 Electric Power Plant
Estimated
Amount
Pollutant (metric tons)
Sulfur Oxides 0.6
Hydrocarbons 1.1
Carbon Monoxide 17.9
Particulates 10.5
Nitrogen Oxides 739.
Chemical Vapors and Gases
Estimated
Amount
Chemical {(kg)
Acetone 2700
Carbon Monoxide 4100
Ethyl Acetate 1600
Freons 3300
Helium 6800 - 13,600
Methyl Ethyl Ketone 3500
Methylene Chloride 800
Sulfur Hexafluoride 8200
Trichloroethane 13,700
Trichloroethylene 2000

*There were no accidental releases in 1978.
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TABLE 1-3
ESTIMATED CUMULATIVE RADIONUCLIDE CONTENT OF PRINCIPAL MATERIALS PLACED
IN SUBSURFACE DISPOSAL AND RETRIEVABLE STORAGE

Disposal and Disposal Retrievably
Storage Through During Stored During
Dec. 197ga 1977 and 1978 1977 and 1978
Radionuclides {Curies) {(Curies) (Curies)©
3y 163,044 99,350 ---
22Na 29 1 x 1070 ———
60¢co 146 0.01 ---
905y . 90y 2,987 0.001 —--
137¢s 5 0.005 ---
Uraniumd 140 3.4 0.03
Plutoniumd 57,728 49.3 23,740
24]Am 6,733 23.6 9,669
Mixed Fission
Products 990 2,615 0.34
Mixed Activation
Products 443 84.1 -

a)Historic data are known to be incomplete due to Tack of detailed
records on quantities of activity placed in known disposal areas
during earlier years of Laboratory operation.

b)Activity in curies, decay corrected through 1976.

c)Activity in curies at time of disposal.

d)Combined activity of all isotopes recorded.
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A continuing, comprehensive monitoring program, including procedures ranging from continuous
monitoring of some effluents to regular periodic sampling of air, water, soil, and biological materials
at onsite and offsite locations, has shown that no significant environmental impacts have resulted from
Laboratory effluent or waste disposal. Somé radioactivity is measurable above normal background near
the Laboratory; however, the levels are very low and do not present health or safety hazards. Table 1-4
summarizes the maximum individual and population offsite dose that may be attributed to routine releases
of Laboratory effluents.

Some small risk of environmental impact results from the possible occurrence of a major accident.
A11 Laboratory activities were analyzed to determine all accidents of operational and natural origin.
The worst possible accidents of various types and the environmental consequences of the potentially
most significant postulated accidents were evaluated. The types of accidents or natural disasters
evaluated include explosion; criticality; fire in a plutonium processing facility; radioactive material
spill; accidental releases of fission products, tritium, biological materials, or toxic chemicals; an
aircraft crash into a facility; a transportation accident; and an accelerator accident. Each situation
is statistically possible, but mitigating factors make the likelihood of any of the worst possible
accidents extremely small.

Table 1-5 summarizes the major consequences to the general population that could result from the
potential accidents in LASL facilities involving radioactive materials that were evaluated for this
document. Of these accidents, the maximum dose to a member of the general public would result from a
release of fission products from the research reactor. The accident is postulated to occur as the
result of blockage of coolant flow leading to partial melting of some fuel elements and release of
radioactive lodine and noble gases. The maximum cumulative population dose would result from the
release of tritiated water vapor caused by an aircraft crashing into a tritium research facility.

The greatest consequence to members of the general public resulting from an accident involving
nonradioactive materials would be exposure to relatively high levels of aerosolized beryllium for a
short period of time. Potential accidents involving transportation of radioactive materials related
to LASL operations were also evaluated and are discussed in Chapter 4, Section 4.2.14.

Secondary impacts of the operation of LASL largely relate to land use, economic, and population
factors. The original Los Alamos townsite was federally constructed to house Laboratory employees and
their families. Many community facilities were turned over to, or built for, Los Alamos County without
cost to the community when Federal control over the community was relinquished in the 1960's. The
majority of County residents are still Laboratory employees and their families. Any significant growth
in Laboratory employment will have a proportional effect on population growth in the County and surrounding
region with concomitant requirements for housing, utilities, and community services.

Unavoidable environmental effects resulting from the continued operation of LASL include land use,
resource consumption, and effluent release. Continued operation of LASL requires dedication of the
present laboratory lands for the foreseeable future, excluding the possibility of alternative land
uses. Recently the LASL reservation has been declared a National Environmental Research Park to enhance
potentials for multiple use.

Some release of radioactive materials and chemical substances will continue. Present releases are
all at concentrations lower than limits set by applicable standards. Some releases are expected to be
further reduced by new research facilities or pollution control equipment already under construction or
planned. The continuing comprehensive environmental monitoring program ensures that any adverse trends,
should they develop, will be quickly detected so that appropriate mitigating actions can be taken




TABLE 1-4
CALCULATED BOUNDARY AND MAXIMUM INDIVIDUAL DOSES
FROM AIRBORNE RADIOACTIVITY

Maximum Maximum
Boundary Dose Individual Dose
Critical Dose Dose
Isotope Organ Location {mrem/yr) Location (mrem/yr) %RPSC

34 (HTO) Whole Body TA-54 0.071 Airport 0.029 0.0058
11C, 13N, 150 Whole Body Restaurant 148 Restaurant 3.8 0.76

N. of TA-53 N. of TA-53
4ar Whole Body  Boundary M. 1.2 Apts. N. of 0.7 0.14

of TA-2 Stack TA-2 Stack
239, Lung TA-54 0.024 Bandelier 0.0079®  0.00053

3 stimated from TLD measurements June-Dec. 1978.

bror a 50 yr dose commitment, bone becomes the critical organ. A maximum individual would
receive a 50 yr dose commitment to bone of 0.53 mrem.

CRPS = Radiation Protection Standards (See Appendix H-59).

1978 WHOLE BODY POPULATION DOSES
TO LOS ALAMOS COUNTY RESIDENTS

Whole-Body Population Dose

Exposure Mechanism (man-rem)

Atmospheric Tritium (as HTO) 0.23
Atmospheric 11c, '3, 190 8.4
Atmospheric 41Ar 1.9
Total Due to LASL Atmospheric Releases 10.5
Cosmic and Terrestrial Gamma Radiation® 1570
Cosmic Neutron Radiation

(17 mrem/yr/person) 330
Self Irradiation from Natural Isotopes in the Body

(v24 mrem/yr/person) 470
Average Due to Airline Travel

(0.22 mrem/hr at 9 km) 13
Total Due to Natural Sources of Radiation 2383

Medical Exposure
(~103 mrem/yr/person) 2020

dCalculations are based on measured {TLD) data. They include a 10% reduction in
cosmic radiation due to shielding by structures and a 40% reduction in terrestrial
radiation due to shielding by structures and self-shielding by the body.




TABLE 1-5
SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS AT LOS ALAMOS

Worst Case Population Doseb 95 Percentile Population Dose®
Maximum Dose Commitment2  Commitment in County fnan-rem) Commitment in Region Outside

to Individual Members of Los Alamos County to 80 km Radium Plus

Accident Type the General Public {rem) Townsite or White Rock Metropolitan Albuquerque fnan-rem)
Explosion 26 (bone) 2.6 x 103 1.4 x 103 3.6 x 101
Criticality #1 0.5 (thyroid) 3 x 102 1 x 102 2 x 10!
Criticality #2 0.001 (thyroid) 3 x 1072 1 x 1072 2 x 1073
Fission Product 57 (thyroid) 6 x 103 2 x 103 3 x 102
Release 22 (whole body) 5 x 103 2 x 10 3 x 102
Air Crash 4.8 (whole body) 7 x 103 2 x 108 5 x 102
Natural Back- 3

ground 0.15 1.8 x 10 7.7 x 102 7.3 x 10%

aTime integrated total dose commitments, except for bone-seeking nuclides (e.g., plutonium) where
integration was for 50 years.

bposes (rem) in Los Alamos Townsite and White Rock are not additive. Only one would actually occur
depending on prevailing wind direction.

CValues (rem) are expected to be exceeded only 5% of the time; 50 percentile values are approximately
1/10 of those shown.




before siynificant adverse effects occur. An internal quality assurance program reviews all new
proposals during the design process to permit consideration of possible safety and environmental
consequences before construction or program initiation.

Another unavoidable adverse effect is the potential for accidents. Safety Analysis Reports are
prepared, and Standard Operating Procedures are prescribed to minimize risk potential for accidents.
These procedures are mandatory for any operation that has a significant potential for accidents or
environmental impact.

The use of nonrenewable natural resources such as fuels, construction materials, and consumable
supplies constitutes the principal irreversible and irretrievable commitment required by the operation
of LASL. In a less tangible but equally real way, the human resources invested in establishing the
Laboratory and its many research programs also represent an irreversible and irretrievable commitment.
Most lana used for structure sites and some solid waste disposal areas must be considered irreversibly
committed unless, and until, better alternative uses are found. Land areas that have Tow levels of
radioactive or chemical contamination would probably have to be decontaminated before unrestricted
access could be permitted. Some minor jrreversible commitments have occurred and will probably occur
in the future. For example, some small archaeological sites have been destroyed by construction.
However, salvage archaeological studies have been conducted at important sites in keeping with Federal
regulations.

The relationship of LASL's previous and continued operation to land-use plans, policies, and
controls is discussed in regard to both unavoidable adverse environmental effects and irreversible and
irretrievable commitment of resources. The LASL reservation is a long-term commitment of land and must
suffice for the forseeable future since the site is constrained by contiguous land uses and characteristics.
The master planning efforts at LASL address the management of land, other physical resources, and
utilities to assure their most prudent use in support of the Laboratory's missions. The State of New
Mexico has no applicable land-use regulations. The Los Alamos County Planning Commission deals
exclusively with County and private lands. The Laboratory adheres to Federal laws regarding archaeo-
logical and other historic sites. It has been determined that there are no prime or unique farmlands
in the LASL site. Hence, sustained operation of LASL is not in direct conflict with any known Federal,
State, or local land-use plans.

A secondary impact is the need for housing and residential lands in communities adjacent to the
Laboratory to accommodate possible growth in LASL employment. A Comprehensive Plan for Los Alamos
County, adopted in 1963 and updated in 1976, is the basic County planning document. It provides the
fundamental direction to accommodate a population of up to 31,000, almost twice the present level. The
high percentage of Federally owned lands in northern New Mexico and the policy of retaining land in
Federal ownership, such as the LASL reservation, has an impact on regional land use. The effects of
a population increase resulting from LASL's growth will be concentrated in residential development.
LASL's oheration will result in a small contribution to the present trends in northern New Mexico of
subdivision development, increasing urbanization, changes in land-use patterns, and rising land prices.

Short-term use of the local environment and resources must be considered in view of long-term
national goals. The short-term uses of the local environment do not generally preclude alternative
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future uses. Land areas that have low levels of radioactive or chemical contamination might have to

be decontaminated to permit unrestricted use; in other cases, it might not be economically practicable
to perform sufficient decontamination to permit their release to unrestricted use. Some short-term
uses of non-renewable fuel and mineral resources are involved in the construction and operation of
research facilities. Continued operation of the Laboratory, including proposed expansions, will not
change the qualitative nature of short-term uses of the environment and natural resources. No
contemplated or prospective activities are expected to result in any major adverse environmental
impacts. Some future obligations for decommissioning are considered as part of the economic 1life-cycle
costs.

Alternatives to the continued operation of the Los Alamos Scientific Laboratory that have been
considered are no action, cessation or relocation of programs, modified future trends, limitation of
adverse impacts, and institutional alternatives.

The "no-action" alternative for the existing Laboratory is no change from present facilities and
operations with the consequence of no change in continuing environmental impacts.

Cessation or relocation of Laboratory programs would present a number of problems. Complete
rebuilding at other locations would reduce locally some impacts, such as the release of radioactive
materials and other pollutants, solid waste generation, water and energy consumption, land use, and
accident potential, but it would only transfer such environmental costs to another location. The same
expenditure on improving the existing facilities would be more productive. Complete cessation of all
programs would result in a loss of benefits of research and development in areas significant to
national needs such as national defense, energy, biomedical, and environmental programs. Either
action would result in great cost by wasting productive facilities and human resources without any
significant environmental benefits. Removal of the Laboratory would delete at least $285 million
annually in personal incomes and other Laboratory-related expenditures from the New Mexico economy.

A major increase in the rate of future growth as an alternative would reflect substantial changes
in national policy at the Congressional or Executive levels of Federal Government. Such growth would
induce both primary and secondary impacts of new construction, incremental land use, increased
consumption of water and energy resources, and additional waste disposal requirements. Secondary
impacts would include added economic input to the region.

Modification of procedures or facilities are economic and productive alternatives. The adverse
impacts of LASL's operation could be limited by replacement or improvement of existing facilities,
alteration of procedures, conservation, and additional long-range site planning. Precedents for such
alternatives exist throughout the history of LASL operations. The new Plutonium Processing Facility
is a recent example of facility replacement with increased productivity as well as improved environmental
protection and operational safety. Improved safety measures and waste treatment technologies have
been instituted when available, and further improvements are expected. Conservation measures and a
quality assurance program identify, and will continue to minimize, environmental consequences of new
projects in early planning stages.

Some institutional alternatives considered to minimize certain adverse impacts are limiting
public access to onsite roads, implementation of mass transit, encouraging water conservation in the

community, and the release of additional lands for housing.
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The essence of the environmental trade-off analysis lies in national policy decisions that the
work done at LASL is essential. If the goals of research are realized, the benefits would encompass
maintenance of the national defense, increased national self-sufficiency of energy resources, improved
quality of 1ife, and reductions of environmental impact throughout the nation.

On a local scale, benefits are economically, physically, and socially significant. Employment
and educational opportunities have been provided by the Laboratory. Total federal expenditures related
to LASL have significantly benefitted the depressed economy of northern New Mexico, and the LASL
reservation has served as a preserve for both wildlife and archaeological sites.

Principal commitments of natural resources include land, water, natural gas, and electricity.
Environmental costs are incurred as a result of waste disposal. The resident community results in
secondary environmental costs in terms of land use, resource consumption, and waste generation.
Continuing review, coupled with the demonstrated efforts to improve environmental awareness and
minimize environmental impacts, will assure that Laboratory missions are conducted in the most efficient
manner.

An environmental trade-off analysis of the alternatives suggests that retention of the existing
research program with minimization of specific environmental costs through suitable improvements in
procedures and facilities would be a productive course of action. The largely short-term commitments
and uses of natural resources and the local environment are minor compared to the demonstrated and

expected long-term benefits.
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2. BACKGROUND

This environmental impact statement has been prepared to provide the environmental imput into
DOE decisions related to the continued activities of the Los Alamos Scientific Laboratory site with
some further growth and evolution of research programs in new areas. The Laboratory's general mission
and activities, as described in detail in Section 2.3., Programs, are anticipated to remain essentially
the same. Future directions, as detailed in Section 2.4, are based on current projections showing
roughly a 3% annual increase in personnel from about 7,685 employees in FY 77 to about 8,600 employees
in FY 81. Because of the uncertainty of future funding, specific projections of funding, personnel

levels, and programmatic eanphasis would not be meaningful beyond FY 82.
2.1. HISTORY

The Los Alamos Scientific Laboratory was established in January 1943 as Project Y of the War
Department's World War II Manhattan Engineer District--the code name for the effort to develop the
atomic bomb. The mission of Project Y was the design and assembly of the first nuclear fission bomb.

The wartime programs under the Manhattan District were associated with centers of research in
nuclear science that continue to be active at Los Alamos, New Mexico; the Radiation Laboratory in
Berkeley, California; the Clinton Laboratory in Oak Ridge, Tennesee; the Hanford Works in Richland,
Washington; and the Metallurgical Laboratory in Chicago, I11inois.

The Project Y location--a remote mountain plateau 40 km (25 mi) by air northwest of Santa Fe,
New Mexico, was chosen primarily in the interests of secrecy and safety because of its isolation.

The land for the Project Y Laboratory came under the jurisdiction of the War Department in 1943 with
the acquisition of Ranch School property, homestead and grazing land, and Forest Service public
domain. The Los Alamos Ranch School provided available facilities to begin the project. The town of
Los Alamos was established as part of Project Y and operated by the federal government to provide
housing and community necessities for project personnel. The Los Alamos wartime effort culminated in
July, 1945 with the successful test of the first bomb near Alamogordo, New Mexico.

In January 1947, the Atomic Energy Commission (AEC) replaced the Manhattan District with the
responsibility for nuclear research and development. The Laboratory of that time focused on developing
new nuclear weapon models and pursuing possibilities for more effective and reliable weapons.

With the start of the Korean War in 1950, LASL, as the AEC's nuclear weapons laboratory, was
directed to accelerate development of a thermonuclear (fusion) weapon. In the early 1950's, in
addition to developing fission bombs, LASL tested the first thermonuclear bomb at Eniwetok in the
South Pacific. Early in its history, LASL started in nuclear reactor development by building the
first aqueous homgeneous reactor (water boiler) and the first mercury cooled, plutonium fueled
fast reactor (Clementine). LASL had extended its wartime work in nuclear reactor development, and

the Omega West Reactor was built in 1956 which is still actively used for research. LASL's reactor
technology involvement resulted in the Los Alamos Power Reactor Experiments (LAPRE I and II) and
the Los Alamos Molten Plutonium Reactor Experiment (LAMPRE) of the 1960's, which contributed to
present breeder-reactor technology. Also, the helium cooled Ultra High Temperature Reactor
Experiment, UHTREX, was built and delivered heat at 1300%C.  The effort to create a thermmonuclear
bomb stirred an interest in Controlled Thermonuclear Reactions (CTR) as a source of power, and
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in 1951 LASL began a series of experiments in plasma confinement technology, leading to the current
CTR theta- and Z-pinch research program.

LASL continued expanding its efforts toward developing peaceful uses of nuclear energy; by the
’ 1960's, it included space applications, power reactor programs, controlled thermonuclear research, and
radiobiology and medicine. A major effort was in high temperature fuel and materials technology for
the joint National Aeronautics and Space Administration-AEC nuclear rocket program. Significant
contributions were also made in thermionic, fast-breeder, and ultra-high-temperature reactor technology,
as well as in the areas of nuclear physics, solar astronomy, chemistry, metallurgy, materials science,
mathematics and computers, and health research.

In 1971 the Laboratory underwent a reorganization and reorientation, resulting in expansion into
astrophysics, earth sciences, energy resources, nuclear fuel safeguards, and laser research. In 1972
the Laboratory completed the 800-Mev proton accelerator of the Clinton P. Anderson Los Alamos Meson
Physics Facility, the first national facility for research in medium-energy physics. Scyllac, an
8-m-(26-ft) diameter controlled thermonuclear reaction device, became operational in the spring of
1974.

In January 1975 the AEC was abolished under the Energy Reorganization Act of 1974 and the research
and development responsibilities for all sources of energy, including the nuclear weapons program, were
assumed by the Energy Research and Development Administration (ERDA).

Under ERDA, the Laboratory continued its nuclear research and development programs, including
weapons work, and expanded laser fusion and laser isotope separation projects. It has, in addition,
greatly expanded its nonnuclear energy programs--enlarging existing activities or initiating new ones
in solar and geothermal energy, superconducting electrical energy storage and transmission, hydrogen
fuel technology, advanced heat transfer technology, fossil-fuel use, energy systems analysis, and
biomedical and environmental research. On October 1, 1977, the Department of Energy (DOE) was estab-
lished and that organization assumed ERDA's responsibilities, at which time ERDA was abolished.

Most of the World War II facilities have now been demolished and the land returned to public use.
Major facility expansion occurred in 1951-53 with the construction of 14 new technical areas, and
this number has increased steadily to a current total of 30. The federal government presently controls
111 km2 (27,500 acres) of land for use by DOE. Most of this land is located in Los Alamos County, but
a small portion is located in Santa Fe County. Because of a severe shortage of office and laboratory
space, LASL is presently leasing an unused school building and portions of several commercial office
buildings in the City of Los Alamos. The technical areas have developed in widely scattered locations,
reflecting specific siting needs or topographic restraints. All of the permanent Laboratory technical
areas are located on DOE land. ’

As the Laboratory was rebuilt following World War II, the AEC upgraded and expanded the housing
and commercial establishments. In 1949 the County of Los Alamos was created by the New Mexico State
Legislature, carved out of Santa Fe and Sandoval counties. However, until 1957 the entire community
remained closed to the public, with passes required for all residents, including children. Los Alamos
County remained government property until 1965 when, as a result of Federal transfer legislation

passed in 1962, the AEC began the process of transferring land. Residences and commercial property
were sold first, and on July 1, 1967, the AEC transferred title to more than $20 million worth of
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public-use land, roads, buildings, and some of the utility systems to Los Alamos County. The final
stages of this transfer are being completed. The disposal agreement also called for direct financial
support to the Los Alamos County Government and to the Los Alamos School System, to be paid yearly.
This support is renegotiated annually. In FY 78 this assistance, intended to compensate for Los
Alamos's small industrial and commercial tax base, amounted to $1,268,000 for county operations and
$2,850,000 for the schools.

2.2 CURRENT MISSIONS AND ACTIVITIES

Since it is impossible to set quantitative values on the benefits of basic research, qualitative
and philosophical terms are necessary to define the purpose of LASL's activities. Weapons research is
dedicated to meeting the needs of our national security programs that involve nuclear weapons. Current
missions and activites at LASL include research and development programs related to the intermediate
and long-term energy needs. Environmental research at LASL is providing information on the behavior
of waste materials in natural systems. Such data are important in making future energy resource
development decisions to minimize adverse effects.

The Laboratory has a wide range of research and development programs, funded principally by DOE.
The Laboratory also does work for other Federal agencies; during FY 78 this constituted about
8.3% of its effort. All of these activites are conducted in DOE-owned facilities and do not contribute
any unique environmental effects, although they do contribute to the cumulative impact such as resource
consumption and waste generation. The following is a brief review of major Laboratory programs and
reflects the Laboratory's interdisciplinary approach to research.

2.2.1. National Security Programs

A primary mission of the Laboratory is research and development work on fission and thermonuclear
weapons, including the basic scientific and engineering support activities. LASL was originally
founded for the purposes of national security and has continued as one of the three designated national
nuclear weapons laboratories. Rather than quantifying the cumulative benefits of this effort, they
are best assessed in terms of national defense policy. A strong nuclear capability is a matter of
national policy, and LASL plays an essential role in carrying out that policy. The current LASL
program for national security comprises three parts: weapons development activities, laser fusion
studies, and fissile materials security and recovery work.

Weapons development activities include the research, development, and testing activities that
lead to the production of nuclear weapons. Since the early 1950's, the Laboratory has concentrated on
the design and development of nuclear assembly systems, and the production of weapons has been taken
over by other DOE facilities. The major effort at LASL is devoted to the development of new weapon
concepts, their evaluation through calculation, local experimentation with components and mockups,
development of hardware, and underground testing of promising systems at the Nevada Test Site at
Mercury, Nevada.

Underground testing is very expensive.z-1 Hence, efforts are made to elucidate the complex
processes involved in a nuclear explosion by use of theoreticai calculations and experimentation. A

primary function of the LASL Central Computing Facility is to calculate the effects of design changes
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on weapon performance and to analyze and reduce experimental data. Radiochemical analyses of the
samples of fission products, averaging about 1.5 curies, from underground tests in Nevada are
performed at LASL to provide additional details on the performance of test devices. They are
shipped in accordance with current Department of Transportation regulations. The detonation

motion of non-nuclear mockups can be studied by means of PHERMEX, a high-intensity flash x-ray
machine, and other diagnostic devices. This Tocal mockup testing is less expensive than full scale
experiments at the Nevada test site.

Basic and applied research required to support the weapons effort includes programs in nuclear
physics, theoretical and experimental work on the properties of materials under extremely high tempera-
tures and pressures, the development of mathematical and computer techniques, the chemistry and
metallurgy of the materials in a nuclear system, the chemistry and physics of explosives, and the
development of specialized electronic and photographic instrumentation.

The laser fusion studies are concerned with the use of laser energy to initiate fusion reactions
in deuterium and the application of the energy released by these reactions. Toward this end, effort
is being devoted to the study of the interaction of high-intensity laser light with matter and to the
physics of laser-produced plasmas. Development is under way of short-pulse, high-energy lasers and
laser systems, such as carbon-dioxide gas lasers, to initiate thermonuclear burn of fusion-fuel pellets
containing tritium and deuterium.

The principal experimental device associated with the program is an eight-beam CO2 laser, with a
1013 watt peak pulse power, designed to produce basic physics and engineering data. Systems and
engineering studies are being carried out on potential applications of laser-initiated fusion in such
areas as electrical power production, nuclear-weapon diagnostics, and nuclear-weapons effects simulation.

Fissile materials security and recovery work is the third part of the current LASL Weapons Program.
Tons of low-enrichment uranium are used throughout the world to fuel nuc;;gr powe;3geactors, which, in

U and

controlled and guarded against misuse because of their high production cost, their strategic importance

turn, produce large quantities of fissile materials. Materials such as Pu are carefully
as ingredients of nuclear weapons, and the potential health hazard from their radiocactivity. LASL
research is directed towards reducing the chances of loss or diversion of nuclear materials.

The development and application of chemical and spectrochemical assay techniques has been an
important part of LASL's operation since the Laboratory was founded. An analytical chemistry group is
participating in a nationwide cross-calibration of measurement techniques and in the preparation of
standard specimens for distribution to nuclear processing plants.

The main objective of LASL's fissile materials assay project is to develop methods of assaying
the fissile material content of process streams, reactor fuels, and scrap and waste froan fabrication
plants by means other than conventional chemical analysis. The methods are adaptable to both continuous
or batch.processes. This project has resulted in the development of instrumentation and calibration
techniques applicable to a wide variety of materials and shapes, ranging fron nuclear explosive systems
and reactor fuel elements to residues and scrap materials in barrels from processing plants. A Mobile
Nondestructive Assay Laboratory (MONAL), designed and operated by LASL, has been in use since 1971.

The MONAL has visited a number of nuclear material fabrication plants, both to demonstrate the assaying

technique and to perform assays as a service to the plant.
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LASL also has a continuing program to convert fissile scrap material back to usable special
nuclear materials. The bulk of the material processed to date is from the now terminated nuclear
rocket (Rover) program. '

2.2.2. Energy Programs

Along with weapons development, research and development work in energy resources and applied
energy technology have become recognized as important to the national interest. LASL's energy technol-
ogy research has been concentrated on four energy resources: fusion, geothermal, solar, and fission,
with some work in coal and oil sha]e.z'1 Alternative energy resources hold the potential of maintain-
ing or improving quality of 1ife and achieving national energy independence. LASL has been committed to
research in fusion power for many years. In the early 1970's, several non-nuclear energy and energy-
related programs were added to the LASL fission and fusion reactor programs. Consequently, the
Laboratory now carries out a broad spectrum of energy programs ranging from computer studies to
hardware development. Included are reactor programs, advanced isotope separation studies, space
nuclear systems development, controlled thermonuclear research, and applied energy technology.

Reactor programs are important since assessments of the nation's potential future energy sources
consider fission reactors to be an important factor in the nation's energy program through the end
of this century. Continued work on fuels, reactor safety, and radioactive waste inanagement are all
directed toward improving the efficiency and safety of the fission power cycle as well as minimizing
certain potentially adverse environmental impacts. If nuclear power will be part of this nation's
energy resources, it is essential to follow through on fission research.

Much of LASL's recent work has been related to reactor safety, specifically regarding gas-cooled
and water-cooled reactors. This reactor safety work includes development of calculational methods for
design and analysis, study of the decay power produced by fission products, and assessment of the
reliability of reactor components. The objective is to develop broad-based programs applicable to a
wide range of reactors. The ability to define potential accident sequences leads to design criteria
that can minimize or eliminate safety problems.

For a number of years, LASL has been involved in the national effort to develop a Liquid-Metal-

235U or 239Pu fuel release high

Cooled Fast-Breeder Reactor (LMFBR), in which fissions of the fissile
energy neutrons that breed new fissile material. Emphasis at LASL is on evaluation of irradiated fuels,
improvement in the design of fuel elements, and performance of safety calculations. Current involve-
ment includes studies of advanced fuels for the LMFBR, development of calculational methods of assessing
reactor performance and safety, and performance of certain general analytical chemistry work supporting
the overall reactor program.2'3’ -

LASL also has an advanced reactor program involving high-temperature, gas-cooled reactors. It
includes development of improved coated-particle graphite-matrix fuels, systems studies aimed at the
technical and economic evaluation of developed reactor designs for the application of nuclear heat in
high-temperature industrial processes, and studies on material behavior under high-temperature reactor
conditions.

Advanced isotope separation studies also may be important in development of the nation's future
energy sources. The objective of this research activity is to develop methods other than the traditional

gaseous diffusion, electromagnetic, or centrifuge methods now used to separate isotopes. Each chemical
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elenent, such as uranium, has several isotopes that, though identical chemically, differ from one
another in mass and nuclear properties. There are currently two LASL isotope separation projects

under way. The first is based on the fact that lasers can selectively initiate photochemical reactions
in a chemical compound containing two or more isotopes--molecules containing one isotope would react
and molecules containing other isotopes would not. The second is based on the fact that molecules
containing lighter isotopes evaporate more quickly than those containing heavier isotopes.

The main effort of the laser isotope separation program has been directed at the separation of
uranium isotopes, which if successful could have major impacts on the nuclear power industry. The
laser method is also applicable to the separation of deuterium from ordinary hydrogen. Deuterium is a
primary fuel for the controlled thermonuclear fusion program. Additionally, there are many other rare
and useful isotopes that can potentially be isolated by this technique.

LASL has several plants for separation-by-evaporation of the stable (i.e., nonradioactive) isotopes
of carbon, oxygen, and nitrogen (the ICON program). These isotopes are used as extremely sensitive
tracers in chemical structure research and field studies of such processes as fertilizer uptake by

]4N, 15N, 160, 170, and 180 per

crop plants. The Laboratory produces several tons of 13C,
year for application in agricultural, environmental, and biomedical research.

The Los Alamos Meson Physics Facility (LAMPF) also is involved in isotope separation. At the
terminus of the main LAMPF proton beam, protons not diverted to nuclear-particle experiments are being
used to produce large quantities of a new series of proton-rich radioisotopes that are frequently more
useful for research and medical applications than the neutron-rich isotopes produced in nuclear
reactors. A facility at LAMPF is being used specifically to separate these isotopes and study their
properties.

LASL's space nuclear systems development included the karge R&D effort terminated in FY 73 on the
design and testing of nuclear rocket reactors. Also, basic chemical and metallurgical studies are
continuing on radioisotopic power sources for satellites and other spacecraft. Present activities
include studies and systems analyses of potential designs for nuclear reactor power plants to provide

238

electric power for advanced space missions, and further development of Pu for use as an advanced

238

radioisotopic heat source. In the latter area, various Pu compounds are prepared and evaluated,

ceramic and cermet fuel fonns are developed and characterized, and the safety aspects of the use of
238Pu power sources are studied.

Fusion is being pursued from two major directions: by the use of magnetic fields such as with
ZT-40 and by the use of high-powered lasers. The goal of the Controlled Thermonuclear Research (CTR),
or Magnetic Fusion Program, is the development of a new energy source (see Figure 2.2) based on the
fusion of 1ight elements, as contrasted with the fission of very heavy elements as in present nuclear
reactors. Both processes release enormous amounts of energy, but fusion has several advantages over
the fission process. For example, fusion uses isotopes of hydrogen as its fuel and produces radio-
active wastes that are relatively easy to manage. These isotopes, such as deuterium and tritium,
can be mined or bred in essentially 1imitless quantities. Fusion reactions have been produced

in the laboratory, but achievement of an economical net gain in energy is expected to require many

more years of effort. LASL has built four previous high-density, pulsed machines for the CTR
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program; these were all linear devices. The fifth generation device, Scyllac, was the first to use a
toroidal shape. A laser fusion experiment, Helios, is presently operating. The next generation laser
fusion experimental facility, Antares, is under construction.

Other program directions include developing enerqy storage systems and insulators for CTR
applications. The CTR program also includes studies and experiments needed to correlate the work with
laser-fusion activities.

The applied energy technology program includes projects in geothermal and solar energy, supercon-
ducting power transmission, magnetic energy storage devices, and thermochemical production of hydrogen.

The Los Alamos Dry Geothermal Source Demonstration Project is developing methods of economically
extracting energy from hot, dry rock in the earth's crust, as compared to systems that depend on
natural underground resources of hot water or steam. The hot rock is fractured by hydraulic pressure
and then water is circulated to extract the heat. Research and development for this project will
include studies in geochemistry, geophysics, heat flow, fluid flow, rock mechanics, seismology, environ-
mental effects, and related subjects to ensure an economical and environmentally acceptable system.
Hot, dry rock geothermal energy appears to have minimal adverse environmental impacts and is essentially
a lTimitless source. The environmental impact of this project is being monitored and will not be
included in this Environmental Impact Statement. An environmental assessment for the Fenton Hill
project has been completed and appended to the Memorandum of Agreement between DOE and the Forest
Service.2™

LASL has several programs involving research and development on the use of solar energy for
heating and cooling buildings. These include systems and controls analysis of solar-heated and -cooled
buildings, development of a prototype solar-heated-and-cooled-mobile home, and evaluations of sun-
tempered and other solar-heated structures. The Laboratory has developed integrated solar collector
roof structures. The solar energy program includes objectives for producing components easily incorpora-
ted into conventional building techniques. The National Security and Resources Study Center at Los Alamos,
completed early in 1977, uses these advanced flat-plate solar collectors developed by LASL, and will
provide a utilization demonstration of an energy-saving 100-ton solar Rankine-cycle cooling unit. The
building will serve an important role in a national series of proof-of-concept solar energy experiments.

LASL has two applied energy technology projects involving cryogenics and superconductivity.
Superconductivity is a phenomenon in which certain metals and alloys will, at very low temperatures,
conduct electricity with no loss of power. LASL is applying this effect to the development of super-
conducting, direct-current, power transmission lines, to conduct large quantities of electrical power
great distances in relatively small underground conduits without the large power losses incurred in
conventional transmission lines.

A superconductive magnetic energy storage system now under study could provide a power generation
load-leveling method that would result in significant savings in fuel and in capital and operating
costs. Such a system would be capable of storing large amounts of energy in a relatively small volume.
Some small loss is to be expected in the transfer of energy into and out of the system, but the overall
efficiency of a superconducting magnetic energy storage device, including the energy required for
refrigeration, is expected to be 95%, compared with the 70% experienced in pumped hydrostorage. The
system could be advantageously coupled with a superconducting direct current transmission line
described above.




2.2.3. Biomedical and Environmental Programs

The LASL biomedical and environmental programs were initiated in 1947 to develop methods to
determine worker exposure to radioactive materials, particularly plutonium. They were later extended
to studies on radioactive fallout from atmospheric weapons testing. Examples of applications of
nuclear technology in health and medical research include use of radioisotopes and mesons, particularly
in cancer treatment, and development of plutonium-fueled thermoelectric generators for powering heart
pacemakers and an artificial heart. Other ongoing research relates to the detection and treatment of
various human and animal diseases. For example, biomedical research contributes to the diagnosis,
alleviation, and better treatment of diseases such as cancer. LASL developed liquid scintillation
counting techniques and the use of 14C as a tracer in biology and medical research.

Today the scope of LASL biomedical and environmental research programs has broadened. The three
major program areas are biomedical and environmental research, waste management, and operational
health and safety.

The biomedical and environmental research at the Laboratory include ongoing, long-term programs
on the effects of radiation and pollution on man and his environment. Studies on the effects of
non-uniform distribution of the dose from radioactive isotopes deposited in the body, the so-called
hot-particle project, is particularly significant for understanding the toxicity of inhaled alpha
emitters. The broad base of research technology in cellular and molecular biology is providing the
tools for a better understanding of radiation damage and carcinogens of all types, radioactive and
nonradioactive. Stable isotopes are synthesized into compounds of biological interest for studies of
normal metabolism and disease states in plants and animals, including man.

The Biomedical and Radiation Therapy Research Facility associated with LAMPF was originally used
for preclinical radiobiological studies needed to evaluate the advantages of negative pi mesons for
radiation treatment of cancer. These studies have led to clinical trials with human cancers that
began in 1976 in cooperation with the University of New Mexico Cancer Treatment Research Center. The
LAMPF accelerator is also used to produce radioisotopes for use in nuclear medical diagnosis and
treatment. The facility was also involved in solving the problems associated with producing a

238Pu power source for the artificial heart program.

satisfactory

Present environmental research emphasizes determining the behavior of selected radioactive and
non-radioactive materials in the various ecosystem components. These studies, associated with nuclear,
geothermal, and coal energy operations, are supported by continuing work on an environmental resources
inventory that involves collecting quantitative information on plants, animals, and soils in the Los
Alamos area. The LASL reservation has been designated a National Environmental Research Park.

The waste management program is devoting increasing efforts to the overall technology of the
treatment, handling, and disposition of transuranic-contaminated solid radioactive wastes. This
includes monitoring past and present waste burial sites and evaluating the risk potential for movement
of these materials. Research areas include assessment of acceptable waste management practices for
transuranic elements, methods to achieve such practices, criteria for safe packaging of solid radio-

active wastes, risk analysis of past burial practices, and incineration studies.




Radioactive liquid waste management research is centered on the two industrial liquid waste
treatment plants that serve the Laboratory complex. The variety of wastes that must be treated
necessitates a continuing program of research and development, which additionally contributes to
solving world-wide problems of safely handling radioactive wastes. Present work is directed toward
the goal of developing systems that will reduce radioactive discharge. Ion exchange, reverse osmosis,
evaporation, and recycling processes are under investigation.

Occupational health and safety projects at LASL constitute three major areas of research--
industrial hygiene, industrial safety, and health physics. Generally, research in these areas is
determined by specific needs generated by the Laboratory's programs; however, the results often have
applications for the protection for industry and public protection. The complementary routine inspection
and monitoring of Laboratory activities is described in more detail in Section 3.3.4.

Industrial hygiene activities include major research efforts in aerosols, filter and ventilation
system evaluation, characterization of hazardous aerosols in the work place or under simulated conditions,
and respirator evaluation and training programs. Other concerns include monitoring and analysis for
radioactive and nonradioactive materials in biological fluids and tissues and a new program for developing
analytical techniques for measuring organic carcinogens used throughout U.S. industries.

Industrial safety studies contribute to a broad range of research on problems of national interest
such as laser safety standards, guides for electrical safety in research, low-temperature engineering,
computer protection, hazardous-material handling, and analysis of large scale events. Health physics
research involves a wide range of problems concerned with improved radiation safety.

2.2.4. Physical Research Programs

Most of the physical research program at LASL is related to the operation of the Clinton P.
Anderson Los Alamos Meson Physics Facility (LAMPF) and the associated accelerator research studies.
The balance is distributed among a large number of smaller, basic research type, support programs.

The LAMPF facility consists of a linear proton accelerator approximately 800 m (0.5 mi) long,
designed to produce an 800-million-electron-volt proton beam with an average intensity of one milliampere.
Energetic protons striking a target produce subnuclear particles, called pi mesons, which are of
particular interest in nuclear physics since they are believed to be the "glue" that holds atomic
nuclei together. The pi meson is not ordinarily found as a free particle since its lifetime is only
a small fraction of a microsecond. However, this time is long enough for a beam of mesons to be
focused and conducted along a channel to experimental apparatus. There, the interactions of mesons
with other materials help reveal the fundamental structure of nuclei.

The LAMPF capability for meson production is unique in the world. LAMPF is used by over a thousand
scientists from all over the world for experiments in medium-energy nuclear physics, biophysics,
radiochemistry, cancer therapy, and other fields.

The support programs in nuclear science include a large number of research projects. There are
several studies in nuclear theory and nuclear chemistry related to medium-energy physics as well as
research relevant to the fission and fusion reactor programs. Other LASL research is focused on
molecular and mathematical sciences, materials research, thermochemical hydrogen studies, and geoscience

investigations.




In addition to the work at LAMPF, the Laboratory also conducts considerable nuclear research
using other facilities. A vertical 8-million-electron-volt (MeV) Van de Graaff and a 15-MeV tandem
Van de Graaff are arranged so they can be operated separately or in series to produce beams of 23-MeV
protons or accelerated ions of 2H, 3H, He, and 4He and heavier isotopes. These particle
beams are used in studies, sometimes involving polarized beams and targets, of light nuclei and their
stability, neutron and charged particle scattering and reaction cross sections, nuclear models and
reaction mechanisms, and nuclear fission and neutron source reactions. Another facility, the
8-megawatt Omega West Research Reactor, is used for external neutron beam experiments, radiation damage
studies, in-core irradiation of instrumented samples, fissionable material assay, and neutron radiography.
A major physical research program involves studies of the energy-level structure of nuclei using high-
resolution measurements of gamma rays emitted following neutron capture or beta-ray emission. It is
presently being used in programs for neutron activation analysis of water samples taken throughout the
nation. Omega West is under the jurisdiction of DOE and meets DOE standards for research reactors
that are equivalent to NRC standards for research reactors.

Molecular and mathematical sciences provide basic research support to DOE's programmatic work in
energy conservation, magnetic fusion, fossil-fuel energy, and geothermal energy. LASL projects
involve heat-pipe research, a study of the radiation produced in high-temperature plasmas when seeded
with high-atomic-number impurities (expected to arise from wall materials in fusion reactors), basic
investigations in plasma physics, a study to determine the potential of using active organometallic
complexes to remove SO2 from fossil power plant flue gases, and two projects designed to facilitate
the use of improved mathematical techniques and computer technology in the solution of problems.

The materials research activity supports DOE's programmatic work in magnetic fusion energy, con-
servation, nuclear energy, and many energy- and defense-related R&D activities. The basic understanding
of high-temperature material properties is being improved. Materials potentially useful as electrodes
in thermodynamic high-temperature topping cycles are receiving special attention. A library of equation-
of-state computer codes for a large number of materials of interest to energy researchers is being
developed. These codes cover wide ranges of temperature and density for use in hydrodynamic computer
calculations. High temperature irradiation damage effects (creep and physical property changes) on
materials interest to the magnetic fusion program are being investigated, and techniques to separate
tritium gas from the molten lithium blanket in fusion reactors are being considered.

The hydrogen thermochemical cycles are being studied to discover and engineer a method for
producing hydrogen from water, using heat generated by nuclear, solar, or other sources of energy.

The usual constraint of environmental acceptability applies, and the efficiency must be higher than
that for the production of hydrogen by electrolysis. Thermodynamic and kinetic studies of potential
cycles are being carried out to select the more promising cycles for further study. Engineering
studies to provide plant design data, to investigate possible pilot plant designs, and to foster
industry participation and eventual transfer of the technology to industry constitute the more applied
aspects of this program.

The geosciences program involves basic research in support of LASL's weapon program, and the hot,
dry rock geothermal energy program and other applied geosciences programs. The major effort is in
basic geosciences research in the areas of geology, petrology, and experimental geophysics. Particular

emphasis is being given to developing a more basic understanding of thermal activity in the earth's




crust and of rock mechanics and rock fracturing phenomena. The several smaller components of this
program include basic research on rock-water interactions at high temperatures and pressures, thermo-
dynamic and chemical kinetic modeling of geochemical systems, and basic geochemical research on minerals
of interest to the LASL geothermal energy program.

An increasing number of spinoffs are applicable to practical problems. For example, the develop-
mental work on the Los Alamos Meson Physics Facility (LAMPF) led to the design of improved medical X-ray
units, a significant advance of that technology. Another was the rock melting Subterrene drill that
evolved from basic high-temperature material studies. It was applied to the preservation of American
Indian ruins by melting drain holes without vibration or shock damage.

2.2.5. General Support Programs

Services provided in general support of the Laboratory include financial accounting; procurement
and property accounting and control; personnel and wage/salary services; information services that
include extensive technical libraries; public relations including information and visitior services;
medical services; safety and plant engineering; plant security; fire protection; utilities; maintenance;
legal; general ‘administration; precision machine shops; facilities for electronics design, fabrication,
and maintenance; developmental laboratories for the fabrication of new or unusual materials required to
support the research and development program; cafeterias; laundry; computer services; garage and vehicle

maintenance; steam generating plants; water wells and water treatment plants; and sewage treatment
facilities.

2.3. FUTURE DIRECTIONS

The proposed action contemplates a continuing evolution of LASL programs. Since these change
continually, as projects are completed and as national priorities are revised, the description of
program goals is in essence a description of anticipated benefits from LASL's continued operation.

The potential benefits of weapons research, applied research on energy technology, or basic health and
environmental research are difficult to quantify. The development of commercial fusion power could
radically increase the world's energy supply, and a better understanding of the effects of radiation
on living matter is 1ikely to increase our understanding of the causes and cures of cancer.

Over the years the trend at LASL has been increasingly toward diversification into related areas
of nuclear, and more recently, non-nuclear, energy applications. Overall, current plans project
maintenance of a vigorous program of basic research relevant to national security, various areas of
energy production, and expansion of LASL as a center for selected major development programs.

Table 2-1 shows the projected expenses and manpower requirements to carryout planned programs for
FY 77 through FY 81. Since programmatic funding decisions are made on a year-by-year basis, the

actual budgets may change. These figures represent the best estimates available based on information
current to March 1979.




TABLE 2-1
MANPOWER REQUIREMENTS AND EXPENSES

ACTUAL PROJECTED
FY 1977 1978 1979 1980 1981

Manpower (FTEs)*

DOE/LAAO 359 339 343 463 463
uc 6035 6370 6825 6825 6825
Other DOE Contractors 1174 1293 1379 1301 1335
Total 7568 8002 8547 8589 8623

Expenses (in millions of dollars)

Operating Cost

DOE/LAAQ** 6.9 7.4 8.3 10.1 10.7

uc 210.3 246.4 273.6 296.0%** 322 2%**
Other DOE Contractors 30.5 35.0 40.5 45.1 49.9

Total 247.7 288.8 322.4 351.2 382.8

Plant and Capital Equipment

DOE/LAAQ --- --- --- --- -
uc 26.6 29.7 44.3 44.5 72.0
Other DOE Contractors 16.0 12.6 18.1 33.2 62.5
Total 42.6 42.3 62.4 77.7 134.5

*Full-time equivalents

**Includes the following DOE/LAAO costs not reflected in LASL
operations. 1.0 1.1 1.2 1.1 1.2

***Preliminary estimate




The table gives the total for each year and a breakdown between University of California and
other DOE contractors at LASL. Approximately half of the effort at LASL is devoted to the
national security programs and half to other research projects. National security programs
include weapons development, nuclear materials safeguards and security, and laser fusion
(see Section 2.2.1). Other research projects fall into four basic categories: energy programs
(see Section 2.2.2), biomedical, environmental and safety programs (see Section 2.2.3), physical
research (see Section 2.2.4), and regulation and reimbursables. Regulation and reimbursables
represent work performed for federal agencies other than DOE, such as the Nuclear Regulatory
Commission, the National Aeronautics and Space Administration, the Environmental Protection
Agency, the Department of Defense, and the Department of Health, Education and Welfare. The
envirommental effects of these activities have been included with the cumulative impact of the
Laboratory; they do not represent any significant or unique environmental impacts.

Table 2-1 includes the estimated manpower requirements, operating expenses, capital equipment,
and construction costs. Manpower requirements include indirect and support personnel such as those
persons doing work classified as overhead within research program areas. Examples are routine
environmental, health, and safety monitoring; general administrative and engineering functions; and
secretarial and clerical assistance. Operating expenses and capital equipment investments are
required to implement continuing and projected programs.

Construction projects presently underway include general plant projects representing improve-
ment and modification of existing facilities, minor new construction to meet changing and
expanding program needs, and road and utility system improvements. A number of projects were des-
cribed in the DEIS but have been deleted herefrom because they are no longer being actively con-
sidered. Environmental review of all construction projects begins at the conceptual design phase
by the Laboratory Environmental Review Committee (LERC). This includes the preparation of
appropriate NEPA documents and recommending the incorporation of mitigating measures in the
design and operation which will avoid adverse environmental effects. See Appendix H, pages H-43
and H-44 for additional detail. The following specific projects are also now under design or
construction.

The High Energy Gas Laser facility (Antares program) is scheduled for completion in 1984 and
will provide a system that is scaled up from the current high-energy gas lasers. This will permit
an assessment of the technical feasibility of initiating themonuclear reaction by laser irradiation.
Demonstration of thermonuclear yields from laser-target interaction is a major step in the development
of the technology required for commercial applications of laser fusion power. The facility also has
a military application in providing laboratory simulation of weapons effects as an alternative to
full-scale thermonuclear weapons testing.

Upgrading of security and protection measures relating to special nuclear materials is an
ongoing project. This project will reduce the chances of loss or diversion of nuclear material
and will provide for compliance with DOE regulatons.

A new Detonator Facility is planned to replace obsolete quonset huts, constructed in 1944,
in which explosive assembly and detonator experimentation work is performed. The project

includes a 35,000 square foot building and upgrading of the water system at the technical area.




A new Tritium Facility is planned which will be an addition to an existing building in
Los Alamos Canyon. The 3000 sq. ft. addition will permit relocation and upgrading of tritium
handling operations now conducted in an obsolete facility in another, far off, technical area
at the LASL.

Also a high priority project is the Target Fabrication Facility at the laser fusion complex.
This facility will provide necessary target fabrication and office space in the energy program's
Laser Fusion Facility now under construction.

Environmental assessments were developed for each of the above projects and were considered
in the evaluation of the Laboratory's cumulative effect and the assessment of mitigating actions.

A new Plutonium Processing Facility was completed in 1979, The facility is constructed to
meet recent requirements for fire protection, ventilation, filtration, radiation protection, and
protection from natural disasters such as tornado or earthquake. It incorporates the most
reliable designs for minimizing routine releases and the probability of accidents. The final
Environmental Impact Statement, issued in January 1972, found the potential environmental impacts
would be acceptab]e.z'6

Design and construction of the Intense Neutron Source Facility (INS) has been cancelled. The
facility was one of several to study the effects of high-level neutron radiation on metals and
insulators to be used for the magnetic fusion energy program. The final Environmental Impact
Statement issued in July 1976 for the funding of the construction and operation of the INS found
that the potential environmental impacts would have been acceptab]e.z'7

There are a number of construction projects in the planning process. Environmental impact
assessments have been prepared to accompany budget requests for each of these. Of special impor-
tance is the Laboratory Support Complex to provide much needed office space. This facility will be
a three-story office building with a cafeteria and a gross area of approximately 12,500 m2
(135,000 t°)
groups and phasing out temporary office space being leased offsite.

located in the main technical area. It will allow consolidation of many fragmented

A proton storage ring and other additions to the Los Alamos Meson Physics Facility (LAMPF),
including an experimental support facility, are also being planned. The proton storge ring
facility will consist of an underground building and a prefabricated metal building with a total
gross area for the two structures of 2000 m2 (22,000 ftz). These facilities will provide
a means of calibrating detectors and testing data-acquisition systems at LASL before underground
nuclear weapons tests at the DOE Nevada Test Site. The experimental support facility will be a
staging area facility of approximately 650 m2 (7000 ftz).

Improvements to the industrial waste collection and treatment system are in design. The pro-
ject would include installation of 6700 m (22,000 ft) of an electronically monitored double-
encased industrial waste sewer system to replace the existing system. This would decrease the
danger of sewer line leakage and contamination of the environment by toxic or radioactive materials.
Improvements to the liquid waste treatment facilities include supplementary processes to reduce

the radioactivity content of plant effluent.




A tritium system test assembly to demonstrate the tritium fuel cycle and environmental con-
trol system for a Tokamak experimental fusion-power reactor is under construction. An existing
building is being modified to house the new facility.

Other construction projects being considered include further plant upgrading in keeping with
occupational health and safety requirements and improvements to the electric and water systems and
to other utilities. Two facilities for waste volume reduction and contaminated materials reclama-
tion are being planned to reduce the volume of contaminated wastes being generated and to study
the feasibility of recovery and reuse of materials and equipment. Appropriate NEPA documents are
prepared as necessary before final approval for construction.

The discussion is intended to give only the broadest outlines of possibilities for new research
areas and expansion of facilities by identifying the maximum range of factors receiving current
consideration. Anticipated environmental effects of individual proposed projects have been included
in the evaluation of the cumulative impact and the assessment of mitigating effects in this document.
Unique or special aspects may have to be treated in documents specific to individual construction

projects.
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3. CHARACTERIZATION OF THE EXISTING ENVIRONMENT
LIKELY TO BE AFFECTED BY THE PROPOSED ACTION

In this chapter the environmental features of Los Alamos, New Mexico, are described, with emphasis
on those features, beneficial as well as adverse, that are related specifically to the continuing
operation of LASL. Environmental impacts will be discussed in the next chapter. The three catagories
used to characterize the existing enviromment at Los Alamos, New Mexico, are the physical environment,

the socio-economic environment, and the routine operations.

Summary of Changes

The following summarizes the changes and updating of material which have been made in this chapter
as a result of the review and comment on the DEIS.

Physical Environment. No major changes are noted in the geology, hydrology, meteqrology, or

ecology sections. In the geological hazards section, a new paragraph addresses the requirements of
DOE regulation 10 CFR 1022 for floodplain review in response to Executive Order 11988, Floodplain
Management. The ecology section is updated to include the Jemez Mountain Salamander on the State
endangered species 1ist and notes required close coordination with the Fish and Widelife Service
before determining the impact of any significant change of Laboratory activity.

Socio economic Environment. No significant changes have been made in this section. Trends
are generally as previously predicted in growth, demographics, economics, and land use. Archaeological

activities of the future are to be governed by new regulations in 36 CFR 800, requiring more active
participation by the State Historic Preservation Officer. An explanation of the Los Alamos National
Historic Landmark is included, noting that properties affected are on either county or private land,
not on land under DOE jurisdiction.

Routine Qperations. Water demand in Los Alamos County was noted as decreasing 30% from the
projected use for the 1977-78 period. Conservation measures are showing an effect in electric
demands as well. Impacts for the new 115 kv line proposed by Public Service Company of New Mexico
(PSCNM) to cross LASL property and terminate at the Main Technical Area are addressed in a DOE
Environmental Impact Statement, DOE/EIS-0049-D, concerning the entire proposed 50 MWe geothermal
demonstration project on the Baca Ranch. The new NPDES permit covering 104 industrial discharge

points and 10 sanitary sewage treatment facilities at LASL are noted, and reference made to more
detailed information in Appendix H. The discussion of radioactive waste management at LASL was
revised in response to requests for additional information and clarity on radioactive waste disposal
techniques. Numerous publicly available reports are cited.

A new section on Transportation of Radioactive Materials describes procedures, regulations,

current operations and summarizes data on shipments in 1978.




3-2

3.1 PHYSICAL ENVIRONMENT

The physical environment is described by defining the earth, water, air, plants, and animals in
the context of the geologic, hydrologic, meteorologic, and biologic processes that 1ink them together.
Although approached as seperate entities herein, for the sake of organizational clarity, each is
characteristically significant only in terms of the whole.

3.1.1 Geology

The technical areas of the Los Alamos Scientific Laboratory and communities of Los Alamos and
White Rock are located on the Pajarito Plateau (see Figure 3.1.1-1). The plateau is 16 to 24 km (10
to 15 mi) wide and 40 to 48 km (25 to 30 mi) long, lying on the eastern flank of the Jemez Mountains.
The plateau slopes eastward from an altitude of about 2400 m (7800 ft) along its western margin to
about 1800 m (6200 ft) to the east where it terminates above the Rio Grande at the Puye Escarpment
and the rim of White Rock Canyon. The surface of the plateau is cut into numerous narrow "finger
mesas" by southeast trending intermittent streams. The dissected eastern margin of the plateau
stands 90 to 300 m (300 to 1000 ft) above the Rio Grande.
Historical

The Pajarito Plateau forms a topographically high area along the western margin of the

3-1, 3-2 (see Figure 3.1.1-2). The depression began to form about 21 million

Rio Grande depression
years ago as the result of faulting. The structural depression extends from southern Colorado,
through central New Mexico, into northern Mexico. Sediments were eroded from the highland mass
to the east and west and formed the basin fill sedimentary rocks of the Tesuque Formation of the

3-3, 3-4, 35, 3-6 (see Figure 3.1.1-3). These sediments occur directly over the

Santa Fe Group
Precambrian basement rocks with no intervening layers representing mesozoic or paleozoic eras. The
Santa Fe Group of Middle Miocene to Pliocene epoch (12 to 25 million years ago) was deposited by a
southward flowing river in the depression (see Table 3.1.1-1).3-7 Volcanic activity that occurred
during the formation of the Santa Fe Group deposited numerous basalt flows and plugs through the
sediments. These basalt eruptions in the area laid down a series of basalts which flowed northwest
into the White Rock area from centers southwest of Los Alamos.

The volcanic rocks of the Jemez Mountains began with a series of eruptions during the Pliocene
epoch (12 million years ago) along the western margin of the depression southwest of Los Alamos. The
volcanic rocks (Polvadera Group) built a high mountain mass northward from the original vents. The
2) and attained a thickness of at least 1500 m
(4500 ft). The volcanic activity was climaxed during mid-Pleistocene Epoch (1.1 to 1.4 million years
3 (100 mi®) of rhyolite tuff and

pumice (Bandelier Tuff) around the flanks of the volcanic mass. This ejection of the tuff and pumice

volcanoes covered an area of over 2600 km2 (1000 mi
ago) by two gigantic pyroclastic explosions that deposited 400 km

was followed by collapse of the center of the highlands forming a large caldera (a large basin-shaped
depression). Subsequent volcanic activity was the intrusion of rhyolite domes in the ca]dera.3-8’ 3-9
The final volcanic activity took place in the southwest part of the caldera about 42,000 years ago with

the eruption of a rhyolite pumice. Only hot springs and solfataric activity remain in the caldera as a

reminder of the volcanic activity.
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TABLE 3.1.1-1
GEOLOGIC TIME SCALE

Approximate Age at Start
of Time Division

Era Period Epoch {Years Before Present)
Cenozoic Quarternary Holocene 10 Thousand
Pleistocene 2 Million
Tertiary Pliocene 12 Million
Miocene 25 Million
0ligocene 40 Million
Eocene 60 Million
Paleocene 70 Million
Mesozoic 225 Million
Paleozoic 600 Million

Precambrian >600 Million
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The volcanic activity is a classic example of a resurgent caldera. The subcircular depression
in the highland of the Jemez Mountains is from 20 to 30 km (12 to 20 mi) in diameter and from 150 to
600 m (500 to 2000 ft) deep. The caldera at one time contained a lake which was later drained by
headward erosion of the Jemez River that breached the caldera walls. On the west side of the caldera
a structural dome (Redondo Peak) rises to an elevation of 3,430 m (11,254 ft). A broad apron of
dissected rhyolite tuff forms the Pajarito Plateau around the highlands of the Jemez Mountains. The
easternmost part of the Jemez mountains, formed by the Tschicoma Formation adjacent to the plateau,
is the Sierra de los Valles.

Geology

The volcanic and sedimentary rocks cropping out near Los Alamos range in age from Tertiary to
Quaternary. The geologic formations in the Los Alamos area include the Santa Fe, Polvadera, and the
Tewa Groups (see Figure 3.1.1-3).

The Santa Fe Group includes the sedimentary and volcanic rocks that are related to the Rio Grande
structural trough. They range in age from middle Miocene to Pleistocene. The base of the Santa Fe
is above the latitic and Timburgitic flows and breccias exposed in the Cienega area. The youngest
units of the Santa Fe are the terrace deposits and alluvia of present valleys. The Santa Fe Group
formations exposed in the Los Alamos area, from the oldest to youngest, are the Tesuque Formation,
the Puye Conglomerate, and the Basaltic Rocks of Chino Mesa (see Figure 3.1.1-4).

The Tesuque Formation is middle Miocene to early Pliocene in age. The Tesuque Formation is
composed of siltstones and sandstones with lenses of clay deposited as basin fill sediments in
the depression. It underlies the Pajarito Plateau and crops out along White Rock Canyon of the
Rio Grande. ™

The Puye Conglomerate, from the late Pliocene, consists of about 200 m (650 ft) of well-rounded
pebbles, cobbles, and small boulders of quartzite, quartz, and granite with some volcanic debris in a

3-10 It interfingers with the Tshicoma Formation and the Basaltic Rocks of

matrix of arkosic sand.
Chino Mesa beneath the Pajarito Plateau and crops out along the Rio Grande. The Puye is divided into
two members, the Totavi Lentil and the Fanglomerate Member. The Puye Conglomerate was eroded from the
Tschicoma Formation forming a volcanic debris over the Tesuque Formation in the central and eastern
parts of the plateau. The conglomerates interfinger with basalt flows that were emplaced from the
southeast. The conglomerate interfingers with the younger flows of the Tschicoma Formation to the
west. The Tschicoma Formation interfingers and overlies the Tesuque along the western part of the
plateau and forms the mountain mass of the Sierra de los Valles.

Those flows that form the steep walls of White Rock Canyon and cap the high mesas to the east are
the Basaltic Rocks of Chino Mesa. The sequence of flows that erupted from vents in the Cerros del Rio
is greater than 390 m (1300 ft) thick at Chino Mesa. Their age is late Pliocene to middle or late
Pleistocene. S 20

The Polvadera Group is the sequence of basaltic, andesitic, dacitic, and rhyolitic rocks, 1520 m

(5000 ft) thick, that form part of the central and most of the northern Jemez Mountains. The group is

late Pliocene to early Pleistocene in age. Of the Polvadera formations, the Tschicoma is the only one
. 3-11
that crops out in the Los Alamos area.
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The Tschicoma Formation consists of andesites, dacites, rhyodacites, and quartz latites.
Radiometric dates of 6.7 to 3.7 million years indicate an age of middle to late Pliocene. West of
Los Alamos in the Sierra de los Valles, the Tschicoma is greater than 790 m (2600 ft) thick.

The rhyolitic tuff and thyolite and quartz latite domes which constitute the latest eruptive rocks
of the Jemez Mountains are in the Pleistocene Tewa Group. In the Los Alamos area the Cerro Toledo
Rhyolite and the Bandelier Tuff are the only formations of the Tewa group that crop out.3'10

The Cerro Toledo Rhyolite outcrops in a small area north of Los Alamros in Rendija and Guaje
Canyons. Within the Valles Caldera the rhyolites are mainly volcanic domes with some associated
sediments; however, north of Los Alamos they are reworked tuff and sediments that overly the Puye
Conglomerate. They are less than 30 m (98 ft) thick.

The Bandelier Tuff caps the Pajarito Plateau. It is 80 to 320 m (260 to 1050 ft) thick and is
composed of two members. The lower member, the Otowi, is a massive pumiceous tuff breccia of ash-flow
origin as much as 80 m (260 ft) thick, that erupted from the Toledo Caldera. The upper member, the
Tshirege, is a succession of cliff-forming welded ash flows as much as 100 m (330 ft) thick, that
erupted from the Valles Caldera. The basal units of both members are ash falls. The basal unit of the
Tshirege has a radiometric date of 1.1 million years.3'll

The tuff laps onto the flanks of the Sierra de Tos Valles and slopes gently to the east, where it
terminates in cliffs or steep slopes along White Rock Canyon or as isolated outcrops above the Puye Es-
carpment. The surface of the plateau formed by the tuff has been dissected by southeastward trending
intermittent streams into a number of long narrow mesas.

The Bandelier Tuff is the most important geologic unit of this environmental impact statement,
since all facilities of LASL are sited on this geologic formation. It is exposed along canyon walls
and is covered by a thin mantle of soil on the surface of the mesas. The ashfalls and ashflows are
described as nonwelded, moderately welded, and welded tuff. Nonwelded tuff has a high porosity of
40% to 60% by volume, slight cohesion of glassy fragments, and crumbly fracture. Moderately welded
tuff has a lesser degree of porosity, ranging from 30% to 55% by volume. It has moderate cohesion with
slight deformation of glassy fragments, and somewhat brittle fracture. Welded tuff has a low porosity
of 15% to 40% by volume, good cohesion, a high degree of deformation by flatting of glassy fragments,
and a brittle fracture. The tuff has a large range in porosity in each of the classifications,
indicating welding is only one of several factors determining poros1‘ty.3'12

The degree of welding influences the physical and hydrologic characteristics of the individual ash
flow tuff units. The density ranges from less than 1 g/cm3 for nonwelded tuff (pumice) to 2.2 g/cm3
for welded tuff. The bearing capacities are proportional to the density of the tuff; the greater
bearing capacities occur with greater density tuff. The pores in the tuff are not all interconnected;
however, in general the nonwelded tuff has a greater permeability. Hydraulic conductivities range from
3 x 10-3 m/day for a welded tuff to as much as 2 m/day in a nonwelded tuff. B The natural moisture
content of the tuff forming the mesas between the southeastward trending canyons is generally less than

5% by volume.




The tuff is rhyolitic in composition and contains small rock fragments of rhyolite, latite,
pumice, and crystal fragments of sanidine and quartz, in a matrix of glass shards and welded ash.
Dark minerals are scarce, although traces of crystal fragments of biotite, horneblende, and pyroxene
have been 1dentif1ed.3—10 The rhyolite and latite rock fragments are dark gray and hard, and may
be as much as 5 to 8 cm (2 to 3 in) in length. Pumice is 1ight gray and, in nonwelded units, may be
as much as 15 c¢cm (6 in) in length.

The surface of the exposed tuff becomes "case hardened" as it is exposed to the weather. This
rind forms a protective surface that resists erosion by wind and water; however, exposed pumice
fragments weather out rapidly, giving some of the units a pitted surface.

Joints are common in the tuff units, dividing the tuff into irregular blocks. The joints were
formed as the ashflow cooled. Joint frequency decreases with a decrease in the degree of welding
(fewer joints are found in nornwelded tuff than in welded tuff). The predominant joint sets are
vertical or near vertical. Joints range from closed to open as much as 5 cm (2 in) and may contain
a clay platting or fill.

The nonwelded tuff strata are found at the base of the Bandelier Tuff in the Otowi Member and
lTower part of the Tshirege Member. The upper part of the Tshirege Member is made up of moderately
welded tuff and a lesser thickness of welded tuff. A test hole near the center of the plateau
penetrated 283 m (930 ft) of Bandelier Tuff.> '3 Nonwelded tuffs in the Otowi Member and lower
part of Tshirege Member make up 70% of the thickness, while in the upper part of the Tshirege Member
moderately welded tuffs make up 20% and welded tuffs the remaining 10%. Almost all of the Laboratory
facilities are sited on the moderately welded or welded ashflow.

Topography and Soils
Topography influences soil development and affects drainage, runoff, and erosion. The direction

a slope faces is an important ecological influence of topography. South-facing slopes normally are
warmer and drier than north-facing slopes and thus can have an important effect on the kind and amount
of vegetation growing in an area.

The Pajarito Plateau occupies about 47% of the Los Alamos County land area (see Table 3.1.1-2
and Figure 3.1.1-5), from an elevation of 2073 to 2377 m (6800 to 7800 ft) with the Jemez Mountains
occupying about 32% of the land area above 2377 m (7800 ft). The topography of Los Alamos is most
frequently expressed in terms of slope gradient or percent of slope. Four slope gradient classes,
and the percent of the Los Alamos land area represented by each, are also presented in Table 3.1.1-2.
The 20% or greater slope class, comprising about 54% of the County land area, occurs extensively
in the mountainous regions of the County, in areas with steep canyon sideslopes, and along the
Rio Grande. Many portions of the broad mesa tops and canyon floors have slope gradients of 0%-5%.
More frequently, however, two or more slope gradient classes occur within an 14 km2 (3400 acres)
area. This is roughly the size of White Rock, which has mostly 0%-5% slopes, but also 5%-10% and
10%-20% slope classes, for example.

An intensive soil survey of about 79% of the 280 km2 of Los Alamos County including all of the
LASL site within the county was completed by a joint LASL-Soil Conservation Service project. General
and detailed descriptions were developed for each of 61 soil mapping units including information on
soil color, texture, structure, consistency, clay films, size distributions, permeability depth,

hydrologic properties, pores, pH, and soil horizon boundaries. Detailed maps at a scale of

1 inch = 1320 feet were prepared and are included in the r'epor't.3-13A
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TABLE 3.1.1-2

ESTIMATED PERCENTAGE OF LOS ALAMOS COUNTY LAND AREA

Elevation
Class (m)
1615 - 1768
1768 - 1920
1920 - 2073
2073 - 2225
2225 - 2377
2377 - 2530
2530 - 2682
2682 - 2835
2835 - 2987
2987 - 3139

IN GIVEN ELEVATION CLASSES

Percent of
County land area

1.86
2.89
17.38
27.88
19.45
9.63
8.11
6.13
5.57
1.10

ESTIMATED PERCENTAGE OF LOS ALAMOS COUNTY LAND AREA

Slope Class

(%)
0-5
5 - 10

10 - 20

over 20

IN GIVEN SLOPE CLASSES

Percent of
County land area

19.89
12.13
14.40
53.58
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Figure 3.1.1-5. Topography of Los Alamos County




Natural Resources
The natural resources considered are sand and gravel, clay, pumice, and tuff.

Sand and gravel are used for construction purposes as aggregate for concrete, asphalt paving,
and road base. The major deposit now used occurs along the Rio Grande, north of Otowi Bridge, and is
recent alluvium formed along the river. There is a small sand and gravel operation at Totavi, in the
Tower member of the Puye Conglomerate (see Figure 3.1.1-6).3-14 During the early years of Project Y,
much of the sand and gravels used were taken from this deposit. The land is owned by the San Ildefonso
Pueblo. The gravel deposit is about 50 ft. thick and is overlain by 20 to 50 ft. of overburden.3-lO

Sands and gravel have also been taken from terrace deposits in Los Alamos Canyon, from the floors
of Pajarito and Water Canyons, and from fluvial outwash near the flanks of the mountains. The terrace
and outwash deposits have now been exhausted; however, small sand and gravel deposits may exist west of
the previously worked areas in Pajarito and Water Canyons.

Two beds of clay of commercial quality occur on the land owned by San Ildefonso Pueblo just east
of DOE-controlled property. These clays were formed in an ancient lake near the top of the Puye
Conglomerate. The clays of commercial quality occur in two beds that are about 20 and 27 ft thick.

Pumice from the Lower Otowi Member of the Bandelier Tuff is used principally as a natural, light
weight, concrete aggregate.' Commercial deposits of pumice are being worked to the east and northeast
of Los Alamos. Pumice deposits of possible commercial value lie adjacent or within Los Alamos County.

Guaje Flats has been estimated to contain 5.4 x 106 m3(7 X 106 yd3)3-15 of extractable pumice.

Another deposit, to the southeast, is estimated to contain about 5.8 x 106 m3 (7.5 x 106 yd3).3-15

The moderately welded and welded units of the Bandelier Tuff are suitable as foundation rocks,
structural building stone, ornamental stone, or insulating materia].?’-12 These units are widespread
on the plateau. Volcanic tuff has been used successfully by Zia Company as the aggregate in soil-cement

3-16

sub-bases for roads. The cost of cement-treated tuff as subgrades compares favorably with the cost

of water-stabilized base course material.
Seismology

The Los Alamos area lies within the Rio Grande depression which was formed by a complex series of
faults. Adjustments that result in seismic activity are still taking place along the faults within the
depression.

The faults trend north-south in the Los Alamos area, displacing the Bandelier Tuff (see Figure
3.1.1-6). 3714
movement along the faults could cause surface displacement. Laboratory facilities are not located

The faults constitute zones of weakness in the earth's crust. Reactivation or

across any known fault zones. In the vicinity of Los Alamos, the Pajarito Fault is downthrown to
the east with a maximum displacement of 120 m (390 ft); the Guaje Mountain Fault is ‘downthrown to the
west with a maximum displacement of 16 m (52 ft); and the Water Canyon Fault is downthrown to the east
with a maximum displacement of 9 m (30 ft).

A study of seismic risk in the Los Alamos area was made based on seismological and historical
r'ecor'ds.:‘l-17 The data for all shocks occurring within 111 km (70 mi) of Los Alamos included: (1)
historical non-instrumented reports of earthquakes before 1962, and (2) records of instrumented studies

of shocks from 1962 to 1972. Magnitudes were inferred from the historical reports that, of necessity,

related to effects (intensity).
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Alluvium

Silt, Sand, Gravel. Yields Small Quantities of Water
During Wet Season.

Tshirege Member

Welded to Nonwelded Rhyolite Tuff Yields Small
Quantities of Water to a Few Springs Along the Flank of
the Mountains.

Otowi and Guaje Members, Undifferentiated
Otowi Member, Nonwelded Rhyolite Tuff. Guaje
Member, Latilli Tuff of Lump Pumice.

Tschicoma Formation

Undifferentiated Thick Flows of Latite and Quartz Latite.
Yields Small Quantities of Water to Springs.

Tesuque Formation

B Siitstone and Silty Sandstone, with Some Interbedded

! Conglomerates and with Interbedded Basalt. Unity

Yields Moderate Quantities of Water to Wells and is the
Main Agquifer of the Area.

Puye Conglomerate, Undifferentiated

Fanglomerate Member, a Consolidated Conglomerate
Totavi Lentil, a Unconsolidated Conglomerate. Units
Yields Small Quantities of Water to Springs and Wells
Locally.

Basaltic Rock of Chino Mesa, Undifferentiated

Basalt Flows with interbedded Sediments and Breccias.
Yields Small Quantities of Springs and Wells.
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The strongest earthquake to occur within the region of study during the 100-year period, 1872 to
1972, had a probable magnitude of 5.5 on the Richter scale. Estimates of the strongest shock to occur
in a 100-year period, based on extrapolation of the earthquake frequency-magnitude relation, range from
3.9 to 5.4. The study concludes that the Los Alamos area is subject to an earthquake of magnitude 5.5
once every 100 years somewhere within the Rio Grande Depression from Albuquerque northward about 200 km
(130 mi).

Another evaluation of seismic risk in the Los Alamos area was made based on geologic ev1'dence.3_18
The studies of fault characteristics yielded a theoretical interpretation of likely magnitude and
frequency of shocks produced from rupture along faults or in fault zones based on the Tength of the
fault, offset or throw of the fault, and age of stratigraphic units broken by the faults. The major
faults studied were the Pajarito, Los Alamos, Guaje Mountain, and Water Canyon Faults. All are north-
south trending faults breaking the upper Tshirege Member of the Bandelier Tuff.

Calculations implied that these faults produced 133 seismic events with average local magnitude of
6.7 (range 5.9 to 6.8-Richter) in the past 1.1 x 106 years. In terms of seismicity of the area, this
means that magnitude-6.7 earthquakes occurred at approximately 8270-year intervals, or that magnitude-
4.8 earthquakes occurred at 100-year intervals.

The seismicity of the Los Alamos region is estimated by the second evaluation to be one magnitude-
5 earthquake per 100-yr, in good agreement with the seismological study of historical records.3_17
The seismicity of this section of the Rio Grande Depression is less than that of the Albuquerque-
Socorro section (with an estimated maximum magnitude shock of 6 in a 100-year interval) and
substantially Tess than that of an equivalent area in Southern Ca]ifonia.3-19

Another geologic and seismic study proposed two design basis earthquakes for the operation of
the new Plutonium Processing Facilities. This study approached the problem in terms of effects in
Los Alamos of earthquakes that might occur in the region. The effects are ranked on the modified-
Mercalli scale of intensities. The effects of an earthquake are dependent on the energy released
by the earthquake (related to Richter magnitude) as well as distance and rock material between the
earthquake center and the Tocation where effects are observed. Thus there is no single relation
between Richter magnitude and Mercalli intensity. For the new Plutonium Processing Facility, the
earthquakes considered were an "Operating Base Earthquake" of intensity VII, and horizontal ground
motion acceleration of 1.7 m/s2 (5.5 ft/sz); and a "Safe Shutdown Earthquake" of intensity VIII
and an horizontal ground motion acceleration of 3.2 m/s2 (10.6 ft/sz). The response spectra
for these two hypothetical events were based on analyses of other earthquakes of similar intensity,
modified to fit the Los Alamos area geo]ogy.3-7

Graphic evidence of the realtively low seismicity is provided by a number of pinnacles 3 to 18 m
(10 to 60 ft) high, that stand in Rendija Canyon, just north of Los Alamos (see Figure 3.1.1-7).
These were eroded from soft formations and capped with boulders two to five times the diameter of the
supporting pinnacle. These formations are unstable, and it is reasonable to think that they would
topple under the influence of any sizable ground tremors. It has been estimated that an 18 m (60 ft)

pinnacle would require tens of thousands of years to develop with the erosion rate normal in the major

canyons of the area,3~20




Figure 3.1.1-7 Pinnacle Formation in Rendija Canyon




Other Geological Hazards
The Rio Grande depression has the potential for future volcanic eruptions, as does the dormant

Jemez volcanic locus. Although the possibility of a major rhyolite ashflow and ashfall type of
eruption is remote, a smaller rhyolite eruption could occur. The structural development and
periodicity of past eruptions indicate a very low probability of even the smaller event occurring
within the next 1000 years.

Landslides, except for isolated rock falls from the mesa rims, are an unlikely hazard at Los
Alamos because of the dry climate, deep water table, and the rock characteristics. Though isolated
rock falls occur from the canyon rims, the estimated horizontal erosion rates at the rim are small and
indicate that very little change is expected to occur in the topography of the area in the next few
hundred years.3-21 Omega West and W-Site in Los Alamos Canyon have experienced some isolated rock
falls in the past with no damage. Recommendations made by the USGS to reduce the rockfall potential by
implacement of rock catches and stabilization have been carried out.3-22

Ground compaction caused by withdrawal of water from the main aquifer is not considered to be a
significant geologic hazard. There has not been a significant lowering of the water table except in
the vicinity of the well field. The aquifer is of silty sandstone, sandstone and conglomerate and, as
such, is not particularly susceptible to compaction when water is withdrawn.

3.1.2 Hydrology
Hydrologic studies in the Los Alamos area were conducted by the US Geological Survey (USGS)
from 1946 to 1972 in conjunction with the development of ground water supplies for Los Alamos. The
USGS also studied interaction of solid and liquid waste disposal operations with the local hydrology.
LASL began hydrologic investigations in 1969 in connection with various envirommental programs. The
hydrology of the Jemez Mountains to the west of Los Alamos has been investigated by the Laboratory

in relation to development of the Fenton Hill Geothermal site.
2 (14,000 mi?)

in northern New Mexico and Colorado. The average discharge of the Rio Grande at the Otowi Bridge

The Rio Grande, the master stream of the region, drains more than 37,000 km

gaging station was about 1 km3/yr (0.82 x 106 acre-ft/yr) for the 1955 to 1974 period. Daily
suspended sediments discharged at the station for the period 1947-1974 ranged from 2.7 x 103kg
(3 tons) to 3.4 x 108kg (3.7 x 105 tons).
Surface stream tributaries to the Rio Grande within about 100 km (60 mi) of Los Alamos are the
Chama, Caliente, Santa Cruz, Nambe, and Tesuque Rivers to the north and east; the Jemez and35§§ Antonio
F1ood

control, irrigation, and water supply reservoirs include Abiquiu on the Chama River, Santa Cruz on the

Creeks to the west; and the Santa Fe and Galisteo Rivers to the south (see Figure 3.1.2-1).

Santa Cruz River, Two-mile, Nichols, and McClure on the Santa Fe River, Galisteo on the Galisteo River,

Jemez on the Jemez River, and Cochiti on the Rio Grande.
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Cochiti is a new reservoir, which began filling in 1976. It is designed to provide flood
control, sediment retention, recreation, and fishery development. The dam is a 9 km (5.5 mi) long,
earthfill dam located on the Rio Grande about 30 km (19 mi) southwest of Otowi Bridge and about
15 km (9 mi) from the southernmost point of the LASL boundary. The 5 x 106 m2 (1200-acre) surface
area permanent pool will extend upstream some 12 km (7.5 mi) reaching a point about 5 km (3 mi) from
the southernmost point of the LASL boundary, and will have a capacity of nearly 62 x 106 m3
(50,000 acre-ft). The flood-control pool extends upstream to the Otowi Bridge with a total volume
of 750 x 106 m3(602,000 acre-ft).

Essentially all downstream flow passes through the reservoir. Flood flows are temporarily stored
and released at safe rates. The sediment trapping function of the dam is expected to trap at least
90% of the sediments carried by the Rio Grande. Approximately 6.2 x 106 m3 (5000 acre-ft) per
year will be lost to evaporation from the permanent pool. The reservoir will provide for boating and
fishing. A recreation-oriented community development is taking place on Cochiti Pueblo land with
landlease sales and housing developments underway. The ultimate population is projected as about
50,000,372

There are no municipal water supplies taken directly from the Rio Grande downstream from LASL in
New Mexico. Irrigation water is taken from the Rio Grande downsteam from LASL at numerous diversions
starting below Cochiti Dam.

The quality of surface waters in the Upper Rio Grande Basin is generally good. The bacterial
and chemical quality of all streams, with the exception of a reach of the Rio Grande between Espanola
and Otowi Bridge, is considerably better than that required by the New Mexico State Water Quality
Control Commission stream standards. The poor quality below Espanola to Otowi Bridge is attributed to
the population concentration in the Espanola Va]]ey.3-25 This reach is upstream of Los Alamos.

In the Los Alamos area, there is intermittent stream flow in canyons cut into the Pajarito
Plateau. Perennial flow to the Rio Grande occurs in the Rio de los Frijoles to the south of the
Laboratory and the Santa Clara to the north. Springs between 2400 and 2700 m (7900 and 8900 ft)
elevation on the slopes of the Sierra de 1os Valles supply base flow throughout the year to the upper
reaches of Guaje, Los Alamos, Pajarito, and Water Canyons, and Canyon del Valle. These springs
discharge water perched in the Bandelier Tuff and Tschicoma Formation at rates from 7 to 530 2/min
(2 to 140 gal/min). The volume of flow from the springs is insufficient to maintain surface flow
within more than the western third of the canyons before it is depleted by evaporation, transpiration,
and infiltration into the underlying alluvium.

Sixteen drainage areas, with a total area of 212 km2 (52,500 acres), pass through or originate

3-26 Stream flow in these canyons is

within the Laboratory boundaries (see Figure 3.1.2-2).
intermittent. Runoff from heavy thunderstorms or unusually heavy snowmelt will reach the Rio Grande.
Four Canyons--Pueblo, Los Alamos, Pajarito, and Water--have areas greater than 20 km2 (5,000 acres).
Ancho Canyon has 17 km2 (4,200 acres), and all the rest have less than 10 km2 (2,500 acres).
Theoretical flood frequency and maximum discharge in ten of the well-defined channels of the sixteen
drainage areas range from 1.1 m3/s for a two-year frequency to 21 m3/s for a 50-year frequency.
Flooding does not pose a problem in the Los Alamos ar‘ea.3-26 Highways are sometimes closed for an

hour when flash floods in canyons cross the pavement. Nearly all community and Laboratory structures

are located on the mesa tops which drain rapidly into the deep canyons.
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Legend

—~——— Drainage divide

~—.—— Intermittent stream

———— Perennial stream

—es— Effluent stream

mmmrr= Point of boundary discharge

W/ Ri0
g
4 Maximum Site Boundary Flowrate

Drainage Areas (m3sec) by Frequencya

Key Canyon km2 2¥r 10-Yr 50-Yr
1 Barranca 4.9 1.5 6.7 14
2 Bayo 9.8 2.5 8.5 19
3 - 0.3 - - -—
4 Pueblo 22.3 3.1 10 21
5 Los Alamos 27.5 3 11 20
6 Sandia 7.0 2 8.5 18
7 Mortandadb 4.7 -- - -
8 - 0.5 - - -—
9 Canada del Buey 8.8 2.6 9.4 21
10 Pajarito 27.5 3 10 20
11 Water 33.2 2.8 9.6 18
12 - 1.3 - - -
13 Ancho 17.4 2.3 8.2 17
14 - 1.6 -- - -
15 Chaquehui 4.7 1.1 4.5 10
16 - 1.0 —-— - -

Theoretical estimates (made for areas with reasonably defined channels) using nomographic methods.
A particular flow can be expected to be equalled or exceeded in the time period. Altermatively,
the 2, 10, and 50 year events can be interpreted to have probabilities of occurrence in a given
year of 0.5, 0.1, and 0.02, respectively.

Mortandad Canyon is the only major canyon for which no run-off is predicted, owing to lack of a
main channel in the lower portions.

Figure 3.1.2-2. Surface Drainage Areas Crossing or Originating on LASL Site
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Potential flood conditions at three technical areas located in canyons were evaluated to determine
whether any special hazards could result from damage to facilities. These evaluations also address the
requirements of DOE regulations 10 CFR 1022 for floodplain review in response to Executive Order 11988,
Floodplain Management. The evaluation was carried out in accord with the Flood Hazard Evaluation
Guidelines for Federal Executive Agenices prepared by the United States Water Resources Council in
response to Executive Order 11296, Evaluation of Flood Hazard. The basic technique utilized to
compute flood frequency and maximum discharges was developed by the U.S.G.S. for New Me><1'<:o.3-26A

Pajarito Site is located in Pajarito Canyon below a drainage area of 26 km2 (10 m12). The
100-year storm (i.e., probability 0.01 in any year) will result in a discharge of 31 m3/s (1080 ft3/s).
The channel at the site is restricted by a bridge which will carry 42 m3/s (1500 ft3/s).

Omega Site and W-Site are located in Los Alamos Canyon near the western edge of the Pajarito
Plateau. The two sites are about 600 m (2000 ft) apart with a drainage area of about 20.5 km2
(8m12) above the sites. The 100-year storm would produce a maximum flow of about 25 m3/s
(870 ft3/s) at the sites. An extrapolation indicates a 500-year flood (i.e., probability 0.002
in any year) would have peak flow of about 37 m3/s (1290 ft3/s).

A box culvert at W-Site extends under the parking lot and has a carrying capacity of 156 m3/s
(5500 ft3/s) while a restriction at the entrance of the channel at Omega Site will carry about
46 m3/s (1600 ft3/s). Thus, the channels at both sites should carry the maximum flow of 25 m>/s
(870 ft3/s) produced by a 100-year storm. If the channel should become clogged with debris, the
resulting overflow would be carried by roadways or parking lots adjacent to the channel and would
not cause damage to the structures in the area.

Another flood hazard considered was failure of the Los Alamos Canyon Reservoir located about
3 km (1.9 mi) west of TA-41 and TA-2. The dam is a concrete-core, rock and earth-filled dam with
a capacity of 49 x 103 m3 (13 x 106 gal). The concrete spillway will carry a flow of 16 m3/s
(580 ft3/s) which is ample for the estimated flow of 12 m3/s (440 ft3/s) produced by a 100-year
storm. If the dam should fail, an evaluation was made with complete failure and drainage over a
45-minute period. Assuming for the water from the breached dam to crest within 15 minutes at TA-41
and TA-2 and recession of flow for 30 minutes, the restriction at TA-2 would carry 97% of the flow
for the 45-minute period. The other 3% would flood the parking lot and roadway at the site, causing
little, if any, damage to the structures.

Also in compliance with the requirement in the DOE regulations 10 CFR 1022 for wetlands review
in response to Executive Order 11990, Protection of Wetlands, it is noted that no areas apparently
qualifying as wetlands are documented on USGS maps of the area or in the recently completed soil
survey of Los Alamos County performed in cooperation with the Soil Conservation Ser‘vice.?’-13A

Sanitary sewage effluents from both the townsite and the Laboratory are released into Pueblo and
Sandia Canyons in sufficient volume to saturate the alluvium and maintain surface flows for a few
tenths of a kilometer. Mortandad Canyon contains a small perennial stream maintained for about 1.5 km
(0.9 mi) by effluents from a LASL cooling tower and an industrial-waste treatment plant.

Ground water (subsurface water) occurs as perched water in alluvium and basalts and, in the zone

3-27, 3-10

of saturation, in sediments of the main aquifer of the Los Alamos area. The relationship

of the occurrence of ground water to lithologic units is shown on Figure 3.1.2-3.
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Water from rainfall and snowmelt infiltrates the surface, providing moisture to the soil zone and
supporting plant growth. This moisture does not move more than a few meters into the tuff on the tops

of the mesas.3'28 The tuff, as a result, has a low moisture content (generally <5% by weight)--too low

even for most plants to extract water.3'21

Two types of alluvium have developed in the stream channel. Drainage areas heading on the mountain
flanks are made up of sand, gravels, cobbles, and boulders derived from the Tschicoma Formation and
Bandelier Tuff. Drainage heading on the plateau contains only sands, gravels, and cobbles derived from
the Bandelier Tuff. The alluvium is quite permeable, allowing rapid infiltration of rainfall and
streamflow. The alluvium generally overlies the less permeable tuff. Water infiltrates downward in
the alluvium until its movement is held back by the tuff. This results in the build-up of a ground

3-29

water perched within the alluvium. The perched water moves down gradient in the alluvium at a rate

from 1 to 20 m/day (3 to 60 ft/day). Hydraulic conductivity of the alluvium ranges from 141 m/day for
a sand aquifer to 50 m/day for a silty-sand aquifer.3'30

As water perched in the alluvium moves down the gradient, it is lost by evaporation and
transpiration through plants and infiltration into underlying tuff. Vegetation is lush where surface
or perched water in the alluvium is present. Water moving from the alluvium into the volcanic debris
in the Tower reach of Pueblo Canyon and the mid-reach of Los Alamos Canyon recharges a local body of
perched water within the basaltic rock of Chino Mesa. Water from this perched aquifer discharges at
the hase of the basalt in Los Alamos Canyon west of the Rio Grande. Transit time in the aquifer is
about 3.8 m/day with a hydraulic conductivity of 114 m/day.3-31

Perched water is not found in the tuff, volcanic sediments, or basalts above the main aquifer in
the central and western portions of the plateau. Test holes in these areas penetrated numerous rock
units that had the potential of perching water above the main aquifer. The absence of water in these
test holes indicates that the infiltration of surface water through the alluvium and the tuff is
limited. Age dating of water from the main aquifer further supports the inference of insignificant
infiltration of surface water through the alluvium and tuff to the main aquifer. Additional details
on infiltration of alluvial water in waste discharge areas is provided in the discussion on the
envirommental fate of effluent release, 4.1.1.

The main aquifer in the Los Alamos area is located within the Tesuque Formation beneath the
entire plateau and Rio Grande valley. The lower part of the Puye Conglomerate as well aé the Tesuque
Formation are within the main aquifer beneath the central and western portions of the p1ateau.3'32
The depths to water below the mesa tops range from about 360 m (1200 ft) along the western margin of
the plateau to about 180 m (600 ft) along the eastern part of the plateau. The thickness of potable
water in the aquifer is estimated to be at least 1200 m (3900 ft).3.32A

the aquifer averages about 11 m/km (60 ft/mi) within the Puye Conglomerate, but increases to about

The hydraulic gradient of

20 m/km (100 ft/mi) along the eastern edge of the plateau as the water in the aquifer enters the less

permeable sediments of the Tesuque Formation (see Figure 3.1.2-4). The average movement rate within
the aquifer is about 0.3 m/day (1 ft/day) toward the Rio Grande.

3-33




3-24

/ /
O
qo / / N 7
9 Q S
e é) QO / <
P S &£ o/ X
433 Al o) %)
y 5873/ 34/ o) ,\O /7 &
5798 o 8 / o
/e s £ &£, =
5845 )
/ 5825 /5.4, e S /
/ 5715 4/ s 55 ({()O
5710
. \ 5592 |/, -
LOS ALAMOS % g
13 )
N
@ 5657 23 / <0 =) @
ol 149
o ors | 569 ///
o5 A 74, | 3703
5779 / /
854 Y
// 586! / §
A // é?
Y O
\ WY
WHITE ¢

LEGEND

——5900— WATER-LEVEL CONTOURS WITH
MILES ALTITUDE IN FEET
SUPPLY WELLS, LOS ALAMOS FIELD

SUPPLY WELLS, GUAJE FIELD
4 SUPPLY WELLS, PAJARITO FIELD

DEPTH TO WATER (ft)
ALTITUDE OF WATER SURFACE (ft)

Figure 3.1.2-4. Generalized Contours on Top of Main Aquifer




3-25

The hydraulic conductivity and transmissivity is different for various rock units within the main
aquifer. Aquifer tests in wells penetrating the Puye Conglomerate indicated hydraulic conductivities
ranging from less than 1 m/day to 13 m/day. Tests in a well penetrating the Tschicoma Formation
indicated a hydraulic conductivity less than l'm/day.3'31 Supply wells in the Los Alamos Field
penetrating sediments of the Tesuque Formation have an average transmissivity of 198 mz/day, with an
average hydraulic conductivity of less than 1 m/day. The wells in the Guaje Field, which penetrate
basalts interbedded with sediments in the Tesuque Formation, have an average transmissivity of about
186 m2/day, with an average hydraulic conductivity of about 1 m/da_y.3_27 Supply wells in the
Pajarito Well Field penetrated basalts interbedded with sediments in the Puye Conglomerate and
the Tesuque Formation. The transmissivities ranged from 500 to 4000 m2/day, with hydraulic
conductivities ranging from about 1 to 200 m/day,3'34’3_35 The aquifer is under water table
conditions in the western portion of the plateau. Along the eastern margins the aquifer is artesian;
that is, the water level in a well penetrating the aquifer will rise above the top of the saturated
water-bearing material.

The major recharge area for the deep aquifer is in the intermountain basins formed by the Valles
Caldera. The saturated sediments and volcanics in the basin are highly permeable and recharge the main
aquifer in sediments of the Tesuque Formation and Puye Cong]omer‘ate.3'36 Minor amounts of recharge
may occur in the deep canyons containing perennial streams on the flanks of the mountains.

The movement of water in the main aquifer is eastward toward the Rio Grande, where a part is
discharged through springs and seeps into the river. It is estimated that the 18.4 km (11.5 mi)
reach through White Rock Canyon below Otowi Bridge receives a discharge from the aquifer of 5.3 to 6.8

x 10% m® (4,3000 to 5,500 acre-ft) annually.3™3’

3.1.3 Meteorology
Los Alamos has a semiarid continental mountain climate. The annual precipitation of 46 cm (18

in) is accounted for by warm-season orographic convective rain showers and winter migratory storms.
Seventy-five percent of the annual total falls between May and October, primarily as thunderstorms (see
. 3-38
Figure 3.1.3-1).
(0.1 in) of rain accumulation and some rain is observed on half of the days. The annual average of 62

Peak shower activity is in August, when one day in four will have at least 2.5 im

thunderstorm-days per year makes this area equivalent to the Gulf Coast states in thundershower occurrence.
The showers tend to develop in early afternoon, with a secondary maximum about 1800 MST. They are
accompanied by lightning, gusty surface winds (10-20 m/s), and occasional hail. Tornadoes have not
been observed in this area.

Winter precipitation falls primarily as snow with annual accumulations of about 1.3 m (4.3 ft).
The ratio of liquid water content to snow depth varies between 0.10 and 0.05, the Tatter occurring in

cold conditions and higher altitudes.

Distributions of hourly and daily rainfall accumulations observed by a recording rain/snow gauge
during a one-year period (1974) are shown in Figure 3.1.3-3.3-26 The distributions are highly skewed
toward low rates, with a median hourly accumulation of 0.75 mm (.03 in) and a range of 0.25 to 13.5 mm
(0.1 to 0.5 in). Daily accumulations ranged from 0.25 to 50 mm (.01 to 2.0 in), with a median value of

1.75 mm (.01 in). There were 80 days with measurable precipitation in the analyzed record.
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